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One year ago, the authors of this report produced a study 
assessing the progress made in Strategic Defense Initiative research 
and the challenges that lay ahead for the program. -That study, titled 
SBI{ Progress and Challenges , concluded that while progress had been 
made la the program no tremendous breakthroughs had been achieved to 
trarrant a conclusion at this time that comprehensive strategic 
defenses were feasible. Furthermore, the study detailed significant 
problems strategic defenses faced, such as satellite survivability, 
■discrimination of warheads frost decoys* and space transportation and 
logistics. 

An updated study was requested by Senator William Promire and 
Senator J. Bennett Johnston to again exandse the progress SBI has made 
since the release of the last study. Furthermore, this report was 
tasted vith analyzing the current movement within the Administration 
to commit this country to a so-called "near-tena" deployment of 
strategic defenses and to assess the considerable reorientation the 
SDI program hss recently undergone as a result of this movement. 

The authors interview fere than 60 SDI scientists, engineers, 
project imagers, and ballistic missile defense experts for this 
report. Extensive briefings were held at the nation's three national 
weapons laboratories conducting SBI research, the Air Force Space 
Division, and t&tii key defense contractors involved in SDI writ. 

The findings of this study are: 

* If the President publicly announces a decision to commit to a 
near-tern deployment of "strategic defense as so&e have urged, no SDI 
veapons system is ready for deployment today. There is nothing to 
deploy today. 

• The Strategic Defense Initiative Organisation (SDIO) is 
reorienting its program to pursue vigorously a near-tem deployment of 
ballistic missile defenses, possibly in the 1964-95 tisefranie. This 
reorientation is not awaiting a publicly announced Presidential 
decision to commit to near-term deployment. The Presidents FYI987 
budget, FY1987 supplemental request and FY1988 budget request for SDI 
would implement that reorientation toward the near term. 



been drastically cut while the kinetic energ? weapons budget 
is enjoying a healthy increase. The DEW program is 
researching technologies for a far-term defense, while the KEfc 
program has a heavy concentration of near-term technologies, 

b. In a number of instances, far-term innovative SDI 
technologies are being scaled back to pay for the near-tem 



c. In the ground-based interceptor projects, SDI has cut 
back on the advanced technology development while the early 
technology demonstrations of these interceptors is being 



heavily funded. The early demonstrations will not produce 
silitarily capable systems; only the far-term research will 
accomplish that. This appears to be an example of SDI being 



than in developing a militarily capable weapon in the far 
term. 

d. SBI has scaled back research into space-based sensors 
that would be used for discrimination and tracking of warheads 
in the aidcourse phase. Effective midcourse discrimination 
was always considered to be unavailable until near the end of 
the century. 

e. SDI has significantly reoriented its spaced-based 
kinetic Jail vehicle (SBffi?) project to pursue a neap-term 
deployment in the mid 1990's instead of the late 1990's. 
Under orders froa SDK), the project is now pursuing a SM1T 
system of much more limted capability than that previously 
discussed as essential for SDI boost-phase defensive systems. 

f . To place the SBE0 systea and other sensor satellites 
in space in the near-term SDI is rushing development of a 
heavy-lift -launch vehicle. Last year, space transportation 
was not as high a priority for SDI as developing the exotic 
technologies that would be deployed in the far tern. Bat with 
the push for a near-term deployment, the SDI space 
transportation budget has heen drastically increased and a 
hurry-up schedule for building a heavy-lift vehicle is being 
put into place. This pnsh for early production of a heavy™ 
lift launch vehicle creates a risk c£ significant distortions 
in the U.S. military and civilian space programs. 

• We have been told that SDIO has a "black program" that is 
developing a reference architecture for a near-term deployment of 
strategic defenses — that is, a highly classified program which is 
developing a blueprint for deploying strategic defenses in the near 
term. Access to this near-ten architecture program is 
compartmentalized so that only a few tubers of Congress would be 
allowed to review it if they knew it existed. In fact, it appears 
that most members of Congress are being kept in the dark about this 
secret program. While SDI has been telling members of Congress and 
their staffs that no such near-term architecture exists, it appears 
that SSI officials have been quietly approaching their contractors to 
draw up plans for a near-term deployment. 

t Eased cc careful review of the reorientation that is under way 
within the SDI program and the tasks assigned to contractors, the 
authors believe that the near-term deployment SDIO has in mind for the 
1994-95 timeframe would have an effectiveness against Soviet ballistic 
missile warheads of no more than 162. Such a deployment in 1994-95 
would have; 

a. no laser or beam weapons, as are popularly associated 



b. a token deployment of space-based kinetic kill 
vehicles in the boost phase that would likely be able to 
destroy no More than "*ll%of the Soviet offensive threat) 

c. do Bidcourse kill or discrimination capability to 



d. 400-1,000 ground-based interceptors, produced on a 
hurry-up schedule, that might destroy no more than 5% of the 
incoming warheads. 

* Many assume that a near-term deplopent could be easily 
accomplished. They are seriously mistaken, A review of the 
technologies being considered for near-term deplopent revealed that 
they face tremendous engineering and production problems that will 
require a sizeable amount of research talent and substantial funding 



• A near-tena deployment of space-based kinetic kill vehicles 
would have Halted military utility in space of perhaps 5 to 10 years 
as the Soviets responded with counteraeasures, including proliferation 
of offensive forces. SDI scientists envision a variety of possible 
Soviet counteraeasures and, in fact, do not agree on which 
counteraeasures the Soviets would deploy. They do agree, however, 
that the Soviets would deploy conntermeasures and it would not be too 
long before the initial fleet of U.S. kinetic kill vehicles in space, 
if not augmented vith other systems, would be rendered largely 
ineffective and interceptors on the ground would be swamped by 



• SDI scientists are deeply concerned that critical far-term 
strategic defense research will be sacrificed to pay for the huge cost 
of a near-tena deployment. If the O.S. proceeds with a near-term 
deployment, said one scientist, "you can't expect to maintain a robust 
research program. There will be a big tendency to move ahead by 
eating your children." There is evidence that the program already is 
siphoning off funds from the far-term technology research efforts to 
pay for increased esphasis on the near term. 

* If the U.S. proceeds with a near-term deployment, the Soviets 
can develop countemeasures to overcome that deployment, SDI 
scientists agreed — the only question is when the Soviets can 
overcome the initial defense. That is why it is critical that if the 
U.S. deploys in the near term it also has the follow-on, more exotic 
laser and beam technologies ready to defeat the anticipated Soviet 
CQuntermeasures, if that follow-on technology is not available as the 
near-term defense degrades, "you may well end up with a more 
destabilizing situation than before," said one SOI scientist. At this 
point, however, SDI does not know whether the follow-on technologies 
would be available at the appropriate time. Even if they were, it is 
unclear whether there will be enough money to support a near-term 
deployment and to pursue the follow-on technologies. 



breakthroughs to settle the question of whether comprehensive ' 
strategic defeases were feasible. This year, the authors note that 
significant progress again has been made in the SSI program, But 
again, based on the author's interviews with SDI scientists and 
engineers, there have been no tremendous breakthroughs. More 
importantly, the progress made in the program the past year does not 
as a compelling justification for a near-tern 



As a result of the extensive briefings and Interviews conducted 
during the pest two months, this report comes to the following 



1. In the past, Congress has appropriated a topline funding 
figure for the Strategic Defense Initiative and avoided specifying how 
that money should be allocated within the program. Congress has not 

"wanted to "micromanage" the SDI program and has therefore allowed the 
SDI Director wide latitude to allocate funds within SDI and determine 
its priorities. Congress, however, may want to reexamine this policy 
in light of the considerable reorientation that is going on within SDI 
toward a near-term deployment. Congress should not assume that this 
reorientation awaits a public announcement of Presidential approval. 
It is already under way. 

2. Members of Congress should inquire if a "black" program has 
been set up to develop a near-term deployment architecture and, if so, 
why such a high classification level is required. As one scientist 
and an SDI contractor pointed out to us, the program is being kept in 
the black largely because it is too issatnre at the moment to stand 
the test of rigid scrutiny. SDI, nevertheless, should not be allowed 
to pursue a program that has such political and diplomatic 
rsMfications withoat broad Congressional review, 

3. Congress should he skeptical of claims that a near-term 
deployment could he easily accomplished. Our review of the technical 
and production hurdles involved with a near-term deployment indicate 
they are substantial and would require significant scientific 



acquaintance with military programs that run into problems during 
production and deployment, despite the most optimistic predictions and 
best intentions. Congress, therefore, should assume that a near-tern 
deployment would not avoid the same production delay and cost overrun 
problems most military programs often face. 

4. A near-term deployment in the 1994-95 timeframe, because of 
its very limited capability, would not significantly enhance U.S. 
national security and would only serve somewhat as a complicating 
factor for Soviet attack plans. Congress should examine carefully 
whether such a deployment is worth (a) xhs significant costs that 
would he incurred, (b) the likely destruction of the 1972 ABM Treaty, 
and (c) the likely deep division it will cause between the U,S. and 
its allies, 

5. Since its inception, SDI every year has undergone radical 
shifts in its priorities. Every year for the past three, SDI 
officials have come to Congress asking for hundreds of millions of 
dollars targeted at what they claimed were critical priorities, only 
to change those priorities the next year. Moreover, these 
fluctuations are more the result of decisions made by SDI's own 
managers rather than congressional budget cuts. Congress should heed 
the warning of SDI's own scientists who say that what the program 



desperately needs is stability. 

6. Congress should not let another year pass with SDI still 
refusing to provide cost estimates (not cost goals) for strategic 
defeases. In particular, Congress should be wary of any near-term 
deployment option that does not come iiith realistic cost estimates. 
Moreover, Congress should ensure that no deployment in the near or far 
term be made unless it is cost effective at the margin and survivahle, 
per the requirements of current law, 

"7. A near- term deplopent would involve sizeable federal 
expenditures for (a) tie near-term deployment itself end (b) the 
follow-on technologies that would have to be ready when the near-term 
deployment capability degrades. Congress must decide early on whether 
it is willing to commit such large sums of money to both tie near-term 
and the follow-on deployments. Once we start the race, there will be 
no turning back. Deploying near-term defenses without following up 
with the far-tern technologies would produce highly destabilizing 
resnlts. In light of the funding caps placed on SDI in years past, 
Congress oust ask itself whether it is prepared to make this leap in 



8. Congress should raise more questions about what happens with 
the second move. In other words, what happens after the H,S, launches 
a near-tera deployment. Eow long will it take the Soviets to respond? 
Hill follow-on technologies be able to counter this response? Will 
there be a national commitment to devote considerable resources to 
these follow-on technologies? We were struck with how much 
uncertainty there is among SDI scientists and engineers about what 
would happen in the second move, 

9. For the past two years, senior SDI and Administration 
officials have claimed tremendous breakthroughs in the SDI program, 
which demonstrated that strategic defenses were feasible. A close 
examination of these claims invariably reveals that while the program 
has made progress in numerous areas, the progress pales in comparison 
to the technical hurdles that remain toward achieving a militarily 
capable system. Congress, therefore, should be just as wary this year 
of inflated claims of success as it was last year. This year, 
moreover, senior SDI and Administration officials argue that 
breakthroughs in the program justify, and indeed compel, the movement 
toward a near-term deployment. We could find little scientific 
evidence to substantiate these claims, based on our interviews with 
SDI scientists and engineers. Politics — not technology — is behind 
the movement toward a near-ten deployment. 



• What are the federal expenditures and strategic uncertainties 
if Congress decides to accede to the first step of a near-term 



* Does the progress made so far in the SDI progr-m really justify 
leaping into a near-ten deployment? 



UNCLASSIFIED 
I. SCOPE OF THE REPORT 

One year ago, you directed us to assemble an in-depth report on 
the Strategic Defense Initiative. At the time, senior Administration 
snd Department of Defense officials had stated that SDI had made 
tremendous strides and "incredible" breakthroughs the previous two 
years. On March 17, 1986, we submitted to you a report detailing the 
progress that had been Bade is the SDI progras and the challenges that 
lay ahead. The report also outlined a number of changing priorities 
withis the program as it pursued the President's vision of a nearly 
■leakproof shield against Soviet offensive nuclear weapons. 

Because the SDI program appears to have undergone considerable 
reorientation since our submission of the 1986 report, you directed us 
to compile a second report to assess these changes and their 
implications. In particular, high Administration officials and some 
of SDI's more avid proponents have been pressing the President to 
commit this country to a so-called "near-tens deployment" of ballistic 
missile defenses that would significantly change the nature of SDI 
research and necessitate U.S. withdrawal from or abrogation of the 
1972 ABM Treaty. 

This study, "SDI: Progress and Challenges Part Two," was 
therefore initiated to review the current work SDI is performing, 
particularly ttot which may be related to a near-term deployment, and 
to assess its implication for the program's overall research goals and 
for U.S. national security. . In all, more than 60 SDI nanagers, 
scientists, engineers, industry representatives and ballistic missile 
defense experts were interviewed for this study. 



We began by receiving extensive briefings froa SSI s top managers 
in charge of the Sensors, Directed Energy- Weapons j Kinetic Energy 
Weapons, Battle HanageaentAr, and Support programs. We next visited 
the following facilities conducting SDI research; 

• Los Alamos National Laboratory, Los Alamos, New Mexico-. Los Alamos 
is conducting extensive research into various directed energy 
concepts, including neutral particle beam weapons or interactive 
discriminators, and the Radio Frequency (8F) Linac Free Electron 
Laser. We also received briefings from experts at Los Alamas's Center 
for National Security Studies, which is investigating the national 
security implications of strategic defenses. 

t Sandia National Laboratory, Albuquerque, New Mexico, Sasdia is 
conducting research into various directed energy concepts, space 
power, threat analysis, Soviet countermeasures, space survivability 
and systems concepts. 

■ Lawrence Livermore National Laboratory, Lirermore, California. 
Livermore is conducting research into a number of directed energy 
weapons concepts, including the Induction Linac Free Electron Laser 
and the X-ray laser. Liveriore also has been involved in threat 
analysis and architecture work for an SDI system. 

• U.S. Air Force Space Division, Los Angeles, California. One of five 



divisions of the Air Force Space Command, the Space Division t executes 
the service's research into SEE, particular].} as it relates to boost, 
post-boost and midcourse defenses. We were briefed on the Spsce 
Division's work oa space-based kinetic kill vehicles (SBKXV), boost 
surveillance and tracking system (KB), space surveillance and 
tracking system (SSTS), and the heavy-lift laoncb vehicle (HLLV). 

• Hughes Aircraft Company, Los Angeles, California. Hughes is 
involved in practically every aspect of SHI -research and development. 
He were briefed by officials from Hughes's Space and Communications 
'Group and Missile Systems Group on the Company's work on high 
eadoatmospheric interceptors (HEDI) and space-based kinetic kill 
vehicles (SBK0). 

■ Lockheed Hissile and Space Company, Sunnyvale, California. We were 
briefed on Lockheed's work on the space surveillance and tracking 
system (SSTS) and the ezoatajspheric reentry vehicle interceptor 



In addition to the above visits, ve received briefings from 
ballistic missile defense experts from the Array's Strategic Defense 
Command, the Stanford University Center for International Security an 
Arms Control, the Johns Hopkins Foreign Policy Institute, the 
Institute for Defense Analyses, the Congressional Research Service, 
and the General Accounting Office. We also interviewed privately 
other contractors and scientists involved in SDI research. 



As was the case with the 1986 study, rM$ year's report is not 
meant. to be a comprehensive assessment of SDI research. Rather, it 
attempts to highlight key issues with respect to SDI that Congress he 



H. BACKGROUND 

On March 23, 19S3, in a nationally televised speech, President 
Reagan announced he was launching what would become the largest 
solitary research program the United States had ever undertaken ~- a 
massive scientific effort to reader nuclear weapons "impotent and 
obsolete." Out of this vision of 8 nuclear weapons free world, there 
quickly evolved the Strategic Defense Initiative, whose charter from 
the Department of Defense directed it to research defenses against 
nuclear ballistic missiles only. 

Defense against a just-as-potent air-breathing nuclear threat — 
from bombers and cruise missiles — vas to he researched under a 
separate program, the Air Defense Initiative, which is being funded at 
a much lover level than SDI. The nuclear threat from unconventional 
delivery mechanisms — i.e4 terrorist attacks or snuggling weapons 
into the United States — is being ignored for the moment. 

Following the President's March 1983, the Defensive Technology 
Study Team, or Fletcher Panel as it came to be known, was famed to 
lay out e blueprint for a long-term research program to achieve a 
comprehensive ballistic missile defense systeo. Some have called this 
system an "astrodome shield" to protect the United States from 
incoming Soviet ballistic missiles. 

Ine Fletcher Panel's report presented two types of strategic 
defense research programs that night be pursued. One was a funding- 
limited program, in which the pace of the research is limited by the 
funds Congress appropriates. In the other approach, a technology- 
limited program which the panel recommended be pursued, the pace of 
research is limited only by technological progress. In essence, money 
is no object. 



a (SDIO) has 

submitted technology-limited budgets to the Congress for fiscal years 
1985, 1986, and 1987. Congress, however, has in effect approved 
funding-limited budgets for those years. (See Figure 1 for a 
comparison of the Administration's request for the fiscal years and 
Congress's appropriation. It shows the funding for the DoD portion of 
SDI only.) In Fl'1985 the Administration requested $1,78 billion for 
SDI, a 79% nominal increase over the previous year's funding level. 
Congress approved $1.40 billion for FY85, a 41% increase. In FH986, 
the Administration requested $3,72 billion for SBI, a 1662 increase 
over FI85, Congress approved $2,76 billion, a 972 increase. And in 
FI1987, the Administration requested $4.8 billion for SDI, a 742 
increase. Congress approved $3.2 billion, a 162 increase. 

Clearly Congress has allowed a huge funding increase for U.S. 
research into strategic defenses. The SSI program's budget has more 
than tripled since its inception, it has become the largest military 
research program in DoD — the department's top strategic priority — 
and its funding level now surpasses the combined technology base 
funding for the Army, Navy and Air Force. But just as clearly, 
Congress has approved largely funding-limited budgets for SDI. There 
has been broad bipartisan support in Congress for a robust ballistic 
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missile defense research program funded at much higher levels- than in 
years past. But there has been little Congressional support for a 
technology-limited research effort — or "crash program" as it has 
been Eore aptly called. 

Furthermore, in 1986 Congress clearly signaled its intent to 
allow only moderate SDI funding increases in the future. The 162 
increase approved by the Senate for R87 survived being cut further by 
just one vote. The House approved by a significant margin a freeze on 
SDI spending at the F£86 level. Moreover, the Senate approved 
language from its Armed Services Contaittee expressing deep concern 
over the complex and uncertain nature of comprehensive strategic 
defeases and directing that the research be refocused toward more 
manageable and realistic objectives. 

Around the tine the F?87 BoD Appropriations Bill passed Congress 
in the fall of 1986, and shortly after the failed Reagan-Gorbachev 
summit in fieykjavii, Iceland, a sasll group of SDI's sore ardent 
supporters within the Administration, in the Congress, and in private 
institutions began pressing publicly for a "near-tern" deployment of 
strategic defenses. Press reports indicated a deepening concern asoag 
these supporters that the SDI program was losing political aosentum 
because its research objectives were too far in the future to compel 
large funding increases in the present. That slippage, it was feared, 
would continue unless the program produced something identifiable — 
such as strategic defease hardware — that Congress and the American 
could rally around. 

This concern was perhaps best articulated in an October 1, 1986, 
letter to President Reagan signed by sow of SDI's strongest 
supporters: Rep. Jack Kesp, Rep. Jis Corrrter, Sen. Rudy Boschwitz, 
Eugene V. Rostow, Dr. Edward Teller and Dr. Lowell Wood. That letter 
which called for "employment in the very near term of the most modern 
defensive ceans" stated further: 

"We are deeply concerned that a SDI program which has no definite 
consequences for defense of America within the next ten years will not 
be politically sustainable ... We believe that imperfect hut 
significant defensive options have already been laid before the 
Anerican leadership by the SDI, and that they must not only be 
continued toward perfection but also prudently exercised, while the 
political will to do so undeniably exists." 

Political motivations are liiely not the only reason for SDI 
proponents advocating a near-term deployment of strategic defenses. 
In fact, an SDI scientist who briefed us at the Livenrare National 
Laboratory listed four possible reasons neat-term advocates might have 
for rushing to deploy whatever SDI research could produce in the near 

1. To cement the program politically. Changing SDI from a 
military research program to a mlitary construction prograa would 
undoubtedly produce greater constituent pressure for high spending 
levels, particularly from states and Congressional Districts where the 
hardware would be built. Moreover, Members could see some tangible 



result for the billions of dollars they had appropriated. 

2. ^, ^ 1610 ^ ^ ^.^^ ; ^, ,^ ,^ Q figrational ABM system. 
This would mirror somewhat the Soviet approach. While the Soviet ABM 
system ringing Moscow is crude by U.S. technology standards and 
considered ineffective against a U.S. strategic blow, the system does 
give Russian troops operational training on working hardware. 

3, To force a decision in the current Administration on the so- 
called "broad" interpretation of the ABH Treaty.. The Administration 
in 1985 unilaterally announced a reinterpretatioa of the ABM Treaty, 
concluding that — contrary to previous findings Of this 
Administration — the accord did allow testing and development of 
strategic defense weapons based in space. The program the 
Adainistration has proposed for SDI would eventually require not only 
this broad interpretation of the treaty, but also its eventual 
abrogation or 0.S. withdrawal from the accord. The feeling acong 
near-tera deployment advocates eight be that it is better to force now 
the initial decision on the broad interpretation, rather than wait for 
another Administration to face that choice. 

h. Because the D.S.-Sqviet. military balance and U.S.jatiopal 
security coapel the united States to begin a cear-tero. deGloysgnt. 
For exaaple, the above letter by Rep. leap et.al. expresses concern 
over the absence of U.S. strategic defenses against what it claias is 
"the growing Soviet ballistic threat (which) iaperils the entire 
Western Alliance." In other words U.S. national security has 
seriously deteriorated recently thereby cospelling this country to 



Hone of the reasons listed above can be credited singly with 
being the eotivation behind the near<-tera push. Perhaps sons 
combination of these reasons can he attributed to near-tens advocates. 
Asked which reason compels those within the Administration to push for 
near-tera deployment, our liversore briefer, who has been closely 
involved in SDI's systems architecture work, said he felt it was No. 3 
— to force an early decision on the broad interpretation of the ABM 
Treaty. The briefer added, "it's definitely not Ho. 4" — because 
U.S. national security is seriously jiaperiled. Indeed, in the 
extensive interviews we conducted for this study, we found no credible 
evidence to suggest that U.S. national security considerations 
compelled a move toward near-tera deployment at this tine. 

(Some near-tern deployiaent advocates have also claimed that they 
were compelled to that position by language in last year's Senate 
Armed Services Committee Report on the FY1987 Department of Defense 
Authorization Bill. They maintain that the Conraittee report endorsed 
a near-tera deployment and urged SDI to move in that direction. The 
comoittee report did not say that, however. What the report said was 
that "a port ion of the SDI research program should emphasize options 
for near-tera deployment as a hedge against the possibility of a 
Soviet ABM 'breakout' in the near term," The report goes on to state 
that "SDI should be dedicated to developing survivable and cost 
effective defensive options for enhancing the survivability of U.S. 
retaliatory forces and command, control and communications, " In other 



words, the report calls for researching near-term options that alight 
serve as a cost-effective end sarvivable hedge i n.,cgge the Soviets 
break out of the ABM Treaty. The report specifically does not call 
for deploying near-term defenses no matter what the Soviets do, as is 
advocated by near-term proponents.) 

Whatever the ultimate reason for the near-tenn push, high 
Administration officials have been publicly advocating it end 
pressuring the President to give his formal approval to such a oove. 
Secretary of Defense Caspar Weinberger appears to have taken a lead 
role in this effort. On January 12, 1987, before the Senate Aned 
Services Conmittee, Mr, Weinberger testified that it is "quite 
possible" that part of SDI vill be deployed when it is ready rather 
than waiting for the full systen to be perfected. Ten days later, in 
a Colorado Springs speech, Mr. Weinberger stated, "Today, we nay be 
Hearing the day when decisions about deployaent of the first phase cai 
be made. We are now seeing opportunities for earlier deployment of 
the first phase of strategic defense than va previously thought 



On January 14, 1987, Attorney General Edwin Meese III said the 
Administration should quickly deploy the first stage of E 
will be in place and not tampered with by future adninist 

Daring the past two tonth^taere have been a number of reports- 
and intense speculation in the press over an indnent Presidential 
decision to put a near-term deployment into motion. So far, no such 
decision has been publicly announced, and depending on the 
Administration source — be it pro or anti-near tern ■— it is unclear 
at this point f rota the public record how close the President is to 
asking such a decision. Furthereore, little information has been made 
public as to what a near-tern deployment would look like or what it 
would take to launch such an effort. 



Several advocates outside the Administration have offered up 
their visions of a near-tena deployment (see Figure 2). Most of these 
visions, however, have been accoiapanied by only skimpy amounts of 
empirical data or analysis, if at all. 

Last October, the Heritage Foundation proposed deploying 100 
upgraded missile interceptors over five years, projecting its cost to 
be $3.5 billion. Such a deployment presumably would he ABM Treaty 
compliant, but would have only token effectiveness, against perhaps a 
stray Soviet ICBM missile. (The United States could not be completely 
protected against an errant submarine-launched ballistic missile, 
because of its particular flight path.) Interestingly enough, 
officials at Lockheed, which has the EEIS missile interceptor 
contract, briefed us extensively on their idea for a 100-interceptor 
missile deployment, which would cost the same as the Heritage 



Also last October, High Frontier, a grass-roots Star Wars 
organization, proposed a "ground up" near-term deployment consisting 
of BRIS interceptors and space-hased kinetic kill vehicles. The 
systea supposedly would take up to seven-and-one-half years to deploy 



PROPOSALS FOR EARLY DEPLOYMENT 

HERITAGE FOUNDATION (Oct. 1086) 
Tormina! and Mldcoures Defense 
Upgraded Patrlat, ERIS 
Initial deployment within 5 years 
Cast estimate: J3.5 bll. lar 100 ERIS 
and upgraded radars/sensors' 1 

HIGH FRONTIER (Oat. 1886) 

Terminal, Mldcourse, and Post-Baost Defense 
All KE11I: siaud guns, ESIS, SBKKV 
"Ground up" deployment taking 37 5 and 7,5 yearn 
Cost estimate: $2.6 bll.+ $3 bil,+' *10-25 all. 

GEORGE 0. MARSHALL INSTITUTE (Dec. 1986) 

Terminal, MIdcourse and Post-Boost Defense 
All KEWl HEDI, ERIS,- SBKKV ' ' 
7 years from decision to full deployment 
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and cost as much as $30 billion. 

In December 1986, the newly foraed George C. Marshall Institute 
issued a near-tern deployment report, ¥hich it claimed was draws from 
an "up-to-date fou base" provided by SDI's program managers. The 
Marshall Institute report claiied that for $121 billion the U.S. could 
begin deploying within sevea years 11 ,000 spsce^hased interceptors and 
13,000 grouwHrased interceptors. DoS and SDI officials have told us 
privately that the Marshall Institute deployment cost projections are 
unrealistic and based on highly inflated estimates of U.S. 
capabilities. In fact, near-term advocates within SDI have complained 
to us that hyped predictions, like the Marshall Institute's, have 
damaged the credibility of their own claims for such j deployment. 

Later sections of this report will detail SDIO's efforts to save 
toward a near-term deployment ana offer a glimpse of what that 
deployment might look lite. For the moment, however, it would be 
helpful to put the near-tena deployment option into perspective — 
particularly as that option relates to the original research goals of 
the SDI program. In doing so, it is best to start with DoD's charter 
formally establishing the Strategic Mease Initiative on April 24, 
1984. 

The charter instructs SDI to "undertake a coipreheasive program 
to develop key technologies associated with concepts for defense 
against ballistic missiles. 11 In other words, SDI was directed to be a 
military research program, with the ultimate goal of eliainatiGg the 
threat posed by nuclear ballistic missiles. 

It was envisioned by SDI that its research phase would last at 
least into the earlier 1990's and perhaps stretch into the mid-90's 
depending on the funding picture. Deploynent was projected to begin, 
in phases, beginning in the late 1990's- For the moment, however, 
SDI's tasking has been to conduct military research into the 
President's ultimate objective. 

Nowhere in SDI's charter is the program directed to prepare for a 
near-term deployment. The only mention of that subject comes in one 
sentence: "The program s ha l l p ro t ect U.S . optio ns (emphasis added) for 
near-term deployment of limited ballistic missile defenses." 

In the years following, Administration and SDI officials have 
insisted time and again that SDI is just a research program. The 1985 
SDI Report to Congress stated, for example, that SDI seeks "to exploit 
emerging technologies" associated with concepts for defense against 
ballistic mssiles. The 1986 Report to Congress stated the same 
objective. 

In Other words, the SDI program is pursuing research on a broad 
and varied number of paths with no set weapons systems in mind as yet. 
The program's intention has been to pursue every relevant technology 
to its fullest, to establish milestones for these technologies, hut to 
have a decision come later oa which technologies would be translated 
into actual weapons systems. Lt. Gen. James Abraharason, SDI0 
director, has used the terra "horserace" to describe the SDI concept of 



research. Traditional military programs, on the other hand, .start not 
only with a fixed goal in mind -» to develop a particular weapon — 
but also with an ultimate objective — the actual weapon. (A 
Comparison of these two concepts is depicted in figure 3.) 

What the near-tern deployment advocates are pressing the 
President to do in effect is bring, at an early stage, all the 
disparate points of the SDI concepts depicted on the right-hand side 
of Figure 3 to one single point. In other words stop the race, and 
gather in the horses. 

Administration officials, in the past, have resisted bringing the 
SDI research program prematurely to s definite end point. They have 
resisted defining beyond generalities what such a defense system will 
look like, insisting that was why the SDI research program was 
established —- to answer those questions. Moreover, Administration 
officials in the past have resisted any premature deployment of SDI, 
as damaging to the overall goals of the program. On August 6, 1986,.. 
President Reagan himself made this point to a group of SDI supporters; 

I know there are those who are getting a bit antsy, hut 
to deploy systems of limited effectiveness now wjnld divert 
limited funds and delay our main research. It could well 
erode support for the program before it's permitted to reach 
its potential. 

As will become evident later froe the facta uncovered in this 
study, the President's stateaent last year may have been sore 
prescient than he realized at the tiae. 

As noted before, little public information has heretofore 
surfaced as to what Administration officials have in mind when they 
speak of a near term deployment. However, Secretary Weinberger has 
stated clearly two things he does not want a near-tera deployment to 



First, Mr. Weinberger has stated at a number of public forums, 
such as his Colorado Springs speech, that a near-tera deployment 
"would not (his emphasis) he a point defense, as sons have urged, to 
protect missile fields." In other words, any near-tera deployment 
would be a partial area defense — or as he hes stated "an integral 
first phase of our whole tiered defense." 

Second, Mr. Weinberger has categorically rejected deploying off- 
the-shelf technologies now, as has been advocated by the High Frontier 
organization. Ms deputy, William R, Taf t IV, repeated that 
insistence at a February 3, 1987, hearing before the Senate's Defense 
Appropriations Subcommittee, In other words, Mr, Weinberger is not 
interested in deploying crude devices now that might protect missile 
silos, for example. Rather, he favors deploying early only those 
sophisticated devices that would be part of the larger, far-term area 
defense. 
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«as not part of a global defense, would weaken our SDI program and r 
us of limited resources. Phase one, whatever form it takes, must be 
one piece of the entire system that provides a thoroughly reliable 
defense for the free world." 
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B FROH LAST YEAR'S REPORT 



In the Hard) 1". , 1986, report we recounted how the Administration 
claimed "amazing breakthroughs" and "incredible" progress in SDI 
research. Based on interviews and briefings with scientists last 



dramatically that the question of the technical feasibility of 
comprehensive strategic defenses had been settled. While there was 
progress, to be sure, we saw so evidence of tremendous breakthroughs . 
or amazing leaps of technology, 

A major point of last year's report was recognition of the 
magnitude of the undertaking to convert exotic laser and beam 
technology into usable devices in a strategic defense. Even last year 
many of these exotic technologies were little more than concepts, 
about which the physics were not fully understood. Of course, the 
potential payoff of these exotic technologies — for the Tf.S. or 
tt.S.SX — would be significant, any strategic defense that operates 
in the boost or midcourse phases must contend with vast distances 
between tie defense and its target. And it oust track and intercept 
thousands of objects moving at extreme velocities of about 15,000 
miles par hour. Thus the advantage of weapons whose lethal beam can 
travel at or near the speed of light is obvious. 

Ms year, Administration officials continue to claim "dramatic 
results" with SDI, although now the claims are made not so njurfTabout 
exotic technology research hat rather about the not-so-exotic rocket 
technologies, which compered to directed energy weapons are easier to 
develop. In referring to these conventional technologies, Secretary 
Weinberger on January 22, 1987, said, for example: 

Soae elements of our research have proved successful 
beyond the expectations of the most optimistic scientists and 
engineers. In fact, our research has progressed so well that 
we now have an unprecedented degree of confidence in the 
feasibility of defense against Soviet missiles — for 
ourselves and our allies. Let me give you a couple of 
examples of how far we have come in recent months. The first 
is the result of our Delta-180 experiments. 



The Delta-180 experiment, which for. Weinberger claimed produced 
"remarkable results," investigated space intercept for kinetic kill 
vehicles. "We put together functionally the components that would 
represent a space intercept of an object being boosted out of the 
atmosphere," Mr, Weinberger explained. "This experiment was so 
successful that it established firmly the principle that a moving 
target can be hit with a kinetic weapon from space." 

Indeed, the Delta-180 experiment collected a great deal of 
valuable data for SDIO. But it was hardly a major breakthrough in the 
technology. A prime objective of the test was to acquire close-up 
data on what rocket pluses look like in space. Early computer 
simulations have shown the difficulty of locating 3 rocket amid the 
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expanding plume of hot gases it emits while travelling in space. The 
degree of difficulty depends on the viewing angle. The second and 
third stages of the orbiting Delta rocket were equipped with sensors 
to observe the plumes emitted from the two stages' liquid rocket 
motors. The sensors also observed the plume from 3 solid-fueled Aries 
rocket that vas launched separate!; from the ground. 

At one point in the experiment, the second and third stages of 
the Delta rocket were aimed at each other. Their rocket motors were 
ignited and the two stages collided at high speeds, simulating a 
kinetic kill. This part of the experiment also afforded closer 
examination of rockets and their plumes. 

The guidance for the stage simulating a kill ■vehicle was 
accomplished with an off-the-shelf Phoenix missile radar system. 
Incidentally, the simulated kill vehicle's homing was helped along by 
a radar reflector that was placed on the target vehicle. The fact 
that the two stages collided in this carefully controlled experiment 
should not he construed as a major breakthrough for developing a 
space-based kinetic kill vehicle system, 

la fact, Lt.Gen. Abrafcamsoft indicated that SDIO had attempted in 
Delta-ISO to simulate not the kinetic kill vehicle, but rather the 
upper stage of a missile, which would be a typical target to a defense 
system and which would provide data on rocket pluses. "I think you 
have to understand right from the beginning that this is an 
experiment," the general said. "This is not a demonstration of some 
kind of capability for a space-based kinetic kill vehicle." A follow- 
on experiment called Delta-181 is planned to collect additional data. 



Based on our interviews with SDI managers, scientists, engineers, 
industry representatives, and ballistic missile defense experts, we 
conclude that there has been considerable progress made in the program 
the past year. Some of that progress is quite impressive. 

For example, the 

according the Livermore briefers. As 
currently envisioned, the X-ray laser would be ground- or sea-based 
and launched by rocket into space in the event of a Soviet attack. A 
nuclear bomb on the rocket would detonate in space and just before 
being vaporized, the laser would convert a small percentage of the 
extraordinary energy of the nuclear explosion into intense beams of X- 
rays aimed at multiple targets. 

Progress on the neutral particle beam accelerator is also 
impressive. The first use of this device would be as an interactive 
discriminator to sort out decoys from warheads. At higher power 
levels the neutral particle beam could serve as a potent weapon in 
space. The critical problem is reducing the device's weight for space 
use. Sandia scientists also reported a "breakthrough" last year when 
a radio frequency quadrapole was adapted to provide a high quality ion 
beam for the accelerator. 



The free electron laser was prominently featured in last year's 
far-term architectures. The free electron lager has a number of 
advantages over other lasers, which will be discussed later in this 
report. However, converting the free electron laser concept into a 
weapon is not just a matter o£ engineering ingenuity, SDI scientists 
are still trying to understand the physics involved in this concept, 
especially at higher power levels. The scientists caution that the 
free electros laser still faces several key- physics experiments in the 
cooing years. The laser's ability to scale up to high power levels 
has still not been established, as has the question of whether a 
ground-based FEL can be propagated through the atmosphere. SDI 
research into FELs at low power levels, however, has been promising. 

la suEfiiary, while no "show stoppers" have apparently surfaced 
with the FEL program, SDI scientists are still trying to understand 
the physics of the problem. Once they are understood, building a 
high-powered, battle-capable laser would still face aajor 
technological and engineering hurdles. Furthermore, while the FEL may 
one day prove to he a feasible weapon — most likely in the 2lst 
century — SBI scientists at this point do sot know whether it will. 

C. Boost Phase Survivability 

Last year's report emphasized that the boost-phase intercept is 
the linchpin in a successful strategic defense. A Soviet booster 
rocket is relatively easy to detect and track because of its huge 
infrared signature. Because each missile may carry 10 ffiRVed warheads 
plus hundreds of decoys the ideal opportunity to attack the Soviets' 
strategic nuclear force is in the boost phase. Figure 4 shows how the 
Soviet force might he thinned out by the boost phase. 

The importance of the boost phase was also repeatedly underscored 
in this year's briefings. As one scientist put it, "If you want a 
robust system, you have to be able to deal with the boost phase, or 
one hell of a let will get through." 

Any boost-phase defense, however, must have key elements based in 
space, even if they are only sensors or relay mirrors. Last year's 
report described why survivability is the ultimate problem any space- 
based system f'jees. A sampling of the Soviet countermeasures that 
might degrade survivability include anti-satellite (ASAT) weapons, 
ground-based lasers, electronic countermeasures, space mines, X-ray 
lasers and pellets in orbit. 

This year, SDIG's director of its survivability program conceded 
that survivability is still potentially a show stopper for space-based 
defenses. He and many other SDI officials and scientists agreed that 
any single asset in space can be overwhelmed if the Soviets choose to 
do so. The objective, therefore, is- not to ensure survivability of a 
particular satellite, battle station, or platform in space because 
that is not possible. Hather, the objective is "functional 
survivability at affordable cost." That is, SDIO hopes to preserve 
the function of the system rather than any of its specific hardware. 
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Moreover, the program director said classical military 
survivability techniques, such as deception, maneuver, hardening, 
proliferation, and self defense, apply in the space arena. What makes 
the techniques difficult for SHI ie the fact that the proper 
combination of survivability measures depends on what the Soviet 
threat (including counteraeasures) will be. This threat changes over 
time. Quantification, therefore, is "difficult," ve were told. 
Battle stations in any space-based defease system to varying degrees 
will have to be hardened, nsaaeuverable, equipped with decoys, deployed 
is- large numbers, and be able to shoot back for self defense. 

In discussing the cost of assuring survivability, the program 
director said, "we must avoid the U,S. Navy carrier philosophy 
of using 80% of the resources to stay alive for more than 20 minutes. 



Especially daunting for SDIO is what appears to be two 
fundamental principles of survivability is space (see Figure 5): 1. 
the U.S. survivability measure-Soviet counteraeasure cycle never ends; 
and 2. anticipating tie Soviet response is always critical. In other 
wrds, a strategic defease systea that depends on space-based elements 
can never be completed. The Soviets will develop counteraeasnres, 
which we must accurately anticipate and to which we oust respond with 
more survivability measures, or jeopardize onr defenses. The cycle is 



One problem for the defender is that retrofitting an existing 
space system, such as adding hardening! is not only unwise, it is 
difficult to do — especially with thousands of battle stations In 
space. One cannot, as we do with hoflbers, fly thousands of satellites 
to hangers for refurbishment or modernisation. And with space launch 
costs at perhaps hundreds, or more likely thousands, of dollars a 
pound, replacing satellites with more modern versions will be a very 
expensive endeavor. Therefore, in building space-based defeases our 
ability to anticipate Soviet conntermeasures becomes crucial. 

Last year's report detailed a number of ways the Soviets could 
attack a space system, Such as Space-based kinetic kill vehicles 
(SBfKTs). This year, our briefings turned up new information on 



1. ASAT'e and Decoys 

Scientists at Los Alamos, for example, said they believed the 
Soviets would respond to U.S. space defenses by attacking the 
platforms in Bpace. As a matter of fact, Sandia's scientists 
indicated that in the initial pilot SDI architecture study it was 
assumed that the Soviets would react Mainly with defense suppression 
such as direct-ascent anti-satellite weapons (ASAT's}. 

One countermeasure not mentioned last year was that the Soviets 
could build nuclear-tipped direct-ascent anti-satellite interceptors 
with decoys to overwhelm U.S. space platforms, even if the platforms 
tried to shoot back. Thus, the discrimination problem, which last 
year was described as a inidcotffSe-only problem, could well become 3 
boost-phase problem. Space-based kinetic kill vehicles, therefore, 
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would need interactive discriminators to pick out the real anti- 
satellite interceptor warheads froa the decoys. Those discriminators, 
however, would not be available for a near-term deployment of SBKKV's. 

2, 2-Ray lasers 

Another Soviet weapon that could threaten U„S, space systems is 
the X-ray laser. "The SDI architecture ought to take into 
consideration the existence of a crude Soviet X-ray. laser, and I thinJc SPT 
has done this," eaid one Liveraore scientist. But he also warned that 
it is possible the Soviets could have a crude X-ray laser developed by 
1995 that could threaten a near-term architecture. If that occurred a 
near-tern deployment by the D,S. would immediately face a significant 
survivability problem. 

Nothing can compare with the I-ray laser as a potent ASAT weapon, 
the Liveraore scientist explained (see Figure 6). Hatch a very Crude 
X-ray laser against a very sophisticated space-based battle station 
and "the X-ray laser wins every time," he said* Even 1,000 kiloEeters 
away, an I-ray laser baas is still so powerful that it is not 
economical to shield the battle station. The only way to defeat an 1- 
ray laser, according to this scientist, is to either hide from it or 
orbit more battle stations than the laser can shoot down. 

3, Fast-Burn Boosters — 

Another Soviet eountermeasure SDI scientists are studying 
intensely is fast-bnrn boosters. The Soviets would use ICBK rockets 
that are so fast a space-based system would not have time to engage 
and attack the missiles. For example, the Soviet SS-I8 has a giant, 
slow booster rocket that requires nearly 300 seconds of burn tics, 
during which it is easy Spot from Space using infrared sensors. 
Space-based defenses, therefore, would fcava a relatively long tiee to 
attack the SS-18. 

Even before President Reagan's speech initiating SDI, scientists 
at Livemore Lab were studying how a Soviet fast-bum booster would 
complicate strategic defenses that used space-based chemical lasers. 
Similarly, Iivermore scientists have examined how Soviet fast-burn 
boosters would stress a defensive system based on space-based kinetic 
kill vehicles — that is, space-based rocket interceptors. 

Liveraore's studies come to disturbing conclusions for spaced- 
baaed kinetic kill vehicles (SBKKV's). One scientist familiar with 
the studies said: "There is no douht that for today's (Soviet) SS-18 
and SS-24, today's chemical rockets can kill them. The issue is where 
do you go from here? What's the legacy?" While the SBKKV does a 
"great job" against the SS-18, "it fails catastronhically for the 
fast-burn booster," Liveraiore scientists told us. 

Some Scientists at the LoS Alamos Lab argued that even if the 
SBKEV cannot hit the Soviet rocket in the boost phase, it could still 
hit the bus carrying the warheads in the post-boost phase, Lt.Gen. 
Abrahamson has argued that the Soviet bus is still wans enough to be 
tracked after the booster rocket barns out. However, a scientist at 
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Los Alamos pointed out that the bus after burnout is two to three 
orders of magnitude dimmer a target than before burnout. So the 
target may not be cold, but its emissions are far fainter after 
booster burnout. The scientist added that the defense has to know 
where to look for the bus. And if the defense loses the location of. 
the bus, it probably cannot find it again. 

Regardless of how bright the bus is, the Livercore analysis 
showed that against a fast-bum booster the SBKKV will not bs 
effective against the booster or the post-boost bus. A scientist at 
the' Sandia Lab who specialized in space survivability also concluded 
that even if a SBEKV system, could shoot hack at defense suppression 
threats, it voald cot be effective against fast-buro or very-fast- 
hum, direct-ascent ASATs. 

The question then becomes, how long would it take the Soviets to 
build fast-bum boosters with multiple warheads? It would not be an 
easy task If the booster bums ont at too low an altitude, when the 
decoys and reentry vehicles are dispensed the thin atmosphere at the 
edge of space will create atmospheric drag separating the decoys from 
the warheads, Idvermore's scientists, however, discussed a technique 
one contractor is studying to develop a fast-bum booster and bus that 
gets the decoys and warheads to a sufficient altitude to avoid 



Despite the problems the Soviets would have producing then, "the 
coEsunity-wide consensus is that a fast-bum booster is a credible 
near-term threat," according to one Uvermore scientist. A.Sandia 
scientist also pointed out that the Soviet SS43, while not a fast" 
bum booster, is a solid propellent rocket that bums on about half 
the time of an SS-18 — and the SS-13 was 1970's technology the 
Soviets have already fielded. n ?ou can't argue they can't do it," 
said the scientist. "They did." 



One potential counteraeasure mentioned frequently in our 
briefings was the use of successive nuclear blasts in space to blind 
infrared sensors pnd possibly destroy key satellites. Before an 
attack, the Soviets would explode in space a succession of one-megaton 
blasts every second or so. The director of SDI's Kinetic Energy 
Weapons Program conceded that this counteraeasure to blind sensors was 
a significant problem. He acknowledged that if SDI had to deploy a 
partial SBfXV system in the near tern, it might not have this problem 



5. Orbiting Patch 

At two of the national labs, scientists discussed what might 
happen if the Soviets responded to our SBKKV system by orbiting a 
similar systei of their own — but the Soviet system would be designed 
for defense suppression rather than defense. Instead of distributing 
their platforms equally in orbit, the Soviets might have all the 
satellites bunched together in an orbiting "patch" in space. When 
this patch came over the Soviet Union it would attack and overwhelm 
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6. Space Mines 

Another potential Soviet countermeasure is the space mine, a 
satellite containing an explosive or other ASAT device, which would 
trail our most important SDI Satellites and explode or attack en 
command. What was interesting from our briefings this year and last 
was how readily some scientists and engineers mention "keep-out" zones 
as part of the defease against space mines, as if ve are completely 
free to establish then unilaterally* What if the Soviets refused to 
recognize our keep-out zones, especially those that extend over Soviet 
territory? What if the Soviets turned the tables on us and announced 
just as our SDI deployment commenced that they were imposing a keep- 
out zone against all U.S. SDI overflights of their territory? These 
are questions that deserve much greater analysis than they appear to 
have received. 



D, Hidcoursa DiscrMnation 

Because the boost-phase will not be able to intercept all Soviet 
missiles — ■ particularly as the Soviets develop counteraeasures — the 
midcourse defense will he critical. Every missile that escapes the 
boost phase may carry hundreds of decoys the midcourse defense must 
track and discriminate from the warheads. 

last year we reported that discriminating decoys from warheads in 
the nidcourse was a critical problem for SDI. If midcourse defenses 
fail, SDI's terminal defenses, with only about a minute to intercept 
warheads, will be overwhelmed. SDI determined early in the program 
that passive sensors could not adequately discriminate decoys from 



the naturally occurring emissions from an object.) Although there has 
been encouraging work with active sensors, Such as radar and lasers 
that bounce lou-powered beams off targets, the general consensus still 
appears to be that interactive discrimination is essential to 
midcourse discrimination — particularly against a responsive Soviet 
threat, In interactive discrimination, s low-powered neutral particle 
beam, for example, is fired at an object to disturb it, whereupon a 
separate detector picks up the disturbance to determine if the object 
is a warhead or decoy. 

Hie neutral particle beam appears to be a promising area of 
research for interactive discrimination. A linear ion accelerator 
propels ions to velocities close to the speed of light and thea strips 
the extra electrons off the ions to create neutrally charged 
particles, which are shot at the target. Building a linear 
accelerator is not new. Physicists have been constructing them since 
1947. But building a neutral particle beam accelerator light enough 
to be lifted into space that can survive and operate unattended in the 
nuclear background of a Soviet attack is a severe technological 
~iis challenge will be discussed further in the next 
1.) 



According to Sandia scientists, who are bullish on the neutral 
particle beam concept, resolving these questions will not stretch our 
understanding of physics. Yet they pose serious engineering problems 
nonetheless. Furthermore, sons of these problems, we vers told, can 
only he addressed in space experiments. 

In any event, the neutral particle beam project is aiming for a 
full-scale engineering development decision by the fflid-1990's, at the 
earliest. Sandia's scientists envision a deployment no earlier than : 
the year 2000, Therefore, it is clear we will noc have 8 reliable _ 
interactive discrimination system for the a&dcourse defense in the 



Rnally, keep in mind that it was the advent of the beam and 
laser weapons that initially gave the President and his advisers hope 
that a comprehensive strategic defense is possible. As it has turned 
Out, these directed energy weapons may well represent the only hope of 
overcoming Soviet counteraeasures against U.S. strategic defense. But 
it will take years of intensive research before we know whether these 
weapons are solitarily feasible. Moreover, SDI scientists and 
engineers we interviewed emphasized time and again that little can be 
said about the wisdom of deploying any defensive technologies until 
the costs of the system and the costs of defeating or circumventing it 
are known. let accurate cost data are not available for even the sost 
mature technologies, such as kinetic energy weapons. As a Livensore _ 
Scientist said, "Nobody's capable of costing a single platform yet." 
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I?. MIEKTAHON TO NEfelg.QmQN 

The Strategic Defense Initiative Organization is reorienting its 
program to pursue vigorously the option of a near-term deployment of 
ballistic missile defenses. 

Hone of the SDIO officials who briefed us would admit that this 
is what is happening in their program. However, after examining 
closely the SDI budget for EH987 and FI1988 and after analyzing the 
shifts being made in key SDI projects, it is clear that this 
reorientation toward a near-term option is veil under way. 
Furthermore, it appears that this reorientation began in the winter of 
1986, with a number of last-minute changes in the FY1987 SDI budget 
priorities and is continuing under new priorities reflected in the 
submission of the FY1988 SDI budget. 

This reorientation leads ns to one of two conclusions — either 
of which has disturbing implications: 

1. The reorientation of the SDI program toward a near-terra 
deployment option is proceeding without formal or public presidential 
consent end without congressional approval, or 

?.. The reorientation is proceeding with secret presidential 
consent, but Congress is largely unaware of the decision, because so 
far Congress has concerned itself with the toplice funding for SDI. 
Congress has refrained from dictating individual aspects of SDI or 



The question of who has decided that this reorientation should 
occur and who knows about this reorientation is clouded even further 
by other pieces of information collected "during the research for this 

< It is clear that members of Congress are being told conflicting 
stories by SDIO about its overall plan for a near-tern deplopent. 
Soae members and their staffs reportedly are being told such a plan 
exists, while wevere told no plan exists. In fact, SDIO refused to 
provide us a briefing on a near-term deployment architecture because 
it claimed none existed, 

t It appears that key parts of the Administration — particularly 
in the Department of State and the Arms Control and Disarmament Agency 
— have been kept in the dark about SDIO's prograaatic reorientation 
toward a near-term deployment. 

« SDIO officials and managers told us- repeatedly that they knew 
of no move to reorient their program toward a near-term deployment. 
However, it is clear, based on information we have received froi a 
number of sources, that General Abrahamson has been going to project 
managers, contractors and systems designers in his program and either 
asking for proposals to deploy in the near term or directing that a 
particular activity be reoriented to pursi's a near-term option. What 
is more, the briefing slides General Abrahamson's program managers use 
to brief him and other top DoD officials, now often tout a particular 
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f There is also considerable evidence, based on our review of the 
program, that SDIO may he rushing to deploy or demonstrate whatever 
can be produced in the near term with little thought given to how the 
items would he Integrated into an overall architecture or with less 
attention paid to the follow-on technology that would he needed to 
produce an operational system. In other worda, a "demonstrate now" 
momentum may be taking hold as much as a "deploy now" momentum in the 



A. EroRram atic Chaoses 

What follows is a description of some of the key research 
activities conducted within SDI with analyses provided for instances 
in which the activities are heing reoriented. A particular activity's 
reorientation might not signal a reorientation of the entire program. 
But when pieced together with the reorientation heing pursued in other 
activities, the picture becomes clear. 

Hany SDI managers claused the reorientation of their research 
activities was prompted by Congressional budget cuts. Indeed, 
Congressional cuts forced a scaling back of ambitious plans for the 
entire program. However, Because Congress has only decided the__ 
topline funding figure for SDI and avoided sierosiaiiaging the program, 
SDIO's director has had wide latitude in setting priorities within the 
program. Clearly the new priorities being established to pursue a 
near-tern option are compelled by a conscious decision on SDIO's part 
to do so, not by budget cuts. Congress appropriated more than enough 
money for SDIO to pursue its program in FX87 as it was envisioned in 
early FJ86, before the push for near-term deployment began* 

1. Directed v. Kinetic Energy Weapons 

It has been in its Directed Energy Weapons Program that SDI has 
pursued the .strategic defense weapons and interactive discriminators 
that would be used in a far-off system. Such a system, if it were 
even possible to build in a cost-effective and survivable manner, 
vould not be deployed until the early 21st century. Such a system 
also would embody the President's vision of a sldeld, which would 
protect the U.S. against a responsive Soviet offensive nuclear threat 
— that is, a Soviet threat employing countermeasures and defense 
supression capabilities. 

On the other hand, in the Kinetic Energy Weapons Program SDI is 
researching ground- and space-baaed rockets' that it has envisioned 
would be deployed sooner or before the end of the century. However, 
the military effectiveness of these interceptors *- particularly the 
space-based ones — would decrease as the Soviets' responsive threat 
evolved over time. It is envisioned that the directed energy weapons 
and interactive discriminators would come on line to meet the 
responsive threat that kinetic energy weapons could not handle. 
(Figure 7 provides a useful guide on how the various weapons, sensors 
and control systems are blocked out in the program and architecture. 



Source: General Accounting Office 
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In general tens, what has happened in the FI87 SSI budget and 
its proposed FIflS budget is that the funding priority has shifted 
dramatically from the Wrested Energy Weapons (DEW) Program to the 
Kinetic Energy Weapons (KEW) Program, 

In FY87 the DEtf Program's budget was cut in half from the 
originally requested amount, while the EW Program suffered only a 
.minor reduction. (See Figure 9 for a comparison of the requested and 
'appropriated aeounts,) Furthermore, the DEW Program cut was 
disproportionate . compared to the other programs. Forty-eight 
percent of the total $1,6 billion in reductions for FK7 came out of 
the DEW Program budget. Only Iffl of the total reductions for FT87 
'cms oat of the KEff program budget. 

On the other hand, in FY86 the distribution picture vas reversed, 
lie EEW -Program budget was cut twice as heavily aa the DEW program 
budget. Of the $967 million in reductions made from the FIS6 request, 
272 case out of the KEW budget and 13? came out of the DEW budget (set 
Figure 10.) 

"' ' : . Is. FI88, it appears that the budget priority again shifts from 
■the KEff to the SEW program. Keep in mind, SDIO is requesting a large 
> increase in funding for both programs. But its proposed increase for 
£the DE¥ program is substantially less than what had* bean previously 
^projected. Last year SDIO projected it would need about $1,615 
Ibillion in FT88 for the BEtf program. Now, SDIO says it needs only 

$1,009 billion for DEW in FY88, a whopping $605 million reduction. Es 
■ ; comparison, SDIO said last year it would need $1,217 billion for KEW 
■fa FI88. This year, SDIO says it needs $1,074 billion for SEW in 

FI88, only a $143 million reduction. 

The Department of Energy executes most of SDI's work in nuclear- 
directed energy plus considerable work in space power. The Energy 
Department's SDI budget has been scaled back drastically from what had 
been .projected. For FT88, for example, Do£ originally projected an 
$811 million budget for SDI research. The current request is for 
$569. Last year DoE projected an $831 million budget for FI89. This 
year it says only $490-$540 million is needed. (See Figure 11 for 
DoE's SDI funding level.) 

Both the W and DEW program managers insisted that the 
reorientation of the two projects is not due to any move toward near- 
term deployment. The DEW program manager maintained, for example, 
that the reorientation was being forced by *a realization of what we 
have to accomplish in HEW" and by a "more mature attitude" toward the 
DEW program. Before, the DEW program "was trying to work all the 
problems," the DEW manager said. "Now, we are seeing KEtf technology 
being integrated more into the SDI taission." 

Program impact data supplied by SDIO shows, however, that the 
shift in funding appears to have resulted in not so much a maturing of 
the DEW program, but rather a delay in its technical progress. 
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Initiation of the neutral particle beam ground and space experiments 
have been delayed. Also delayed will be the free electron uplink 
experiment and a portion of the nuclear directed energy research. 
Advanced technology research for chemical lasers has been reduced in 
scope, as has the research into the tracking and pointing experiment 
and the space relay mirror. 

By itself, the shift in funding from the DEW program to the W 
program would not be conclusive evidence that the program is shifting 
to a near-term deployment. But taken together with the priority 
shifts occurring within both the KStf and DM programs plus the shifts 
occurring withia the other progress such as space transportation, the 
conclusion becomes inescapable that SSI is in fact moving toward the 
near-ten option. What is more, the shifts within the programs 
indicate that far-term technology research efforts in many instances 
are being scaled bade to accomodate near-term research priorities. 

Before considering the research efforts leading toward a near- 
term deployment, a further mention will be i^<i& of some of the DEW 
technologies SDI is pursuing, 

2. Free Electron Laser 

Daring the past three years SDIO has revised its thinking __ 
■ considerably on the characteristics its lasers should possess to be 
militarily useful directed energy weapons. For example, SDIO now 
believes that moving to short wavelength lasers that involve the 
placement of fewer assets in space is the more militarily effective 
option to pursue. For that reason, we saw a shift in program emphasis 
last year from the space-based chemical laser to the ground-based free 
electron laser. The ground-based free electron laser system is 
believed to involve fewer critical assets placed in space (see Figure 
12). In addition, the free electron laser itself has advantages over 
other conventional lasers in terms of wavelength tuning, high power 
capability, good optical quality, and high efficiency. 

SDIO's free electron laser program, however, has undergone some 
"political turbulence" the past year, as the program's scientists 
readily admit. The controversy has centered on which of two types of 
lasers should be emphasized in the SDI program: the radio frequency 
linac free electron laser or the induction linac free electron laser 
(see Figures 13 and 14 for a depiction of both lasers). 

The initial EF linac free electron laser is being developed by 
Boeing Co. while Los Alamos Laboratory is conducting theoretical 
research into a more high-powered version of the laser. Research into 
the induction linac free electron laser at this point is being handled 
entirely by the Livermore Laboratory, The main difference between the 
two lasers is the type of accelerator used. 

Either laser has advantages and disadvantages over the other, 
The controversy surrounding the two lasers is too complex to be 
described fully in this study. In a nutshell, serious concerns had 
been raised in the scientific community that SDIO was prematurely 
selecting one laser over the other for a large-scale demonstration 
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project before the necessary basic research had been completed. 

The El program, however, has now stabilized, according to the 
scientists involved in its research. A selection of the HF or 
induction laser has been delayed for about a year as more research Is 
conducted on the two concepts end an outside committee evaluates the 
pros and cons of each system. As the program now stands,, a decision 
will be made in i on which laser rill be used for testing at the 
White Sands Missile Range. Beginning in I S0IO hopes to baild a 
5- . test laser (either RF or induction linac) to demonstrate 
that a low-powered PEL bean can compensate for atmospheric 
disturbances and be sent from the ground to a target in space. It 
must be noted that this first "uplink" experiment in \ would not 
involve a mirror in space reflecting the beam back to earth. All that 
would be in space is an instruaental test vehicle with a beacon to 
receive the FEL beam and analyse it* In the follow-on uplink 
experiment in . -, which also will not involve a mirror in space as 
currently configured, SDIO hopes to demonstrate that a , 
laser beam can be transmitted to space. (A 
would be needed for ■ battle weapons.) 

Producing a militarily capable ground-based laser will be a 
monumental undertaking for SBIO (see Figure 15 for a more detailed 
depiction of the components of a ground-based laser system). First a 
device to produce the laser beam must be built, which Los Alamos, 
Boeing, and lAveraore are presently undertaking and which still 
involves numerous technical hurdles to overcome. 

Next a beam control system must be built to receive the laser 
beam and prepare it for passage through the atmosphere. This will be 
no small undertaking. For a laser bean, the atmosphere changes 1,000 
tkes a second. Tie beam passing through the atmosphere will have to 
be adjusted at least that frequently. A low-energy laser beacon will 
have to be fired from the relay mirror down to the ground-based system 
to tell it how the atmosphere is changing. That laser mast have a 
capability to produce ; pulses per second. The current 
capability for such a laser is , In the adaptive optics system, a 
cooled deformable mirror with | actuators will be needed by 
for beaming the laser up. Current state-of-the-art technology can 
produce a cooled mirror with 



The experiments would demonstrate the first two 
steps of the ground-based laser system. The third step consists of 
the space-based relay and battle mirrors that must be built to take 
the beam and direct it toward a Soviet missile. Developing these 
mirrors was described by one expert close to the program as "a 
horrendous problem," Sttffl'g research into these space-based mirrors, 
however, has been drastically scaled back for the moment resulting in 
significant risks for the ground-based laser effort. That risk is 
that we may have the ground-based .portion of a prototype system on 
line beginning in the mid 1990's but we will not nave the space-based 
mirrors ready to complete the systeia. 

The uplink experiments will be .extremely expensive. The first 
phase of the experiment alone could cost as much as $750 million. It 



would be an unfortunate development if all that money were poured into 
generating the FEL beam with no mirrors being developed to direct the 
beam to a target. 

Ho firm dates exist for when a fully capable FEL weapons system 
might be available. In fact, serious questions remain as to whether 
an FEL weapons system might ever be available for ballistic missile 
defease. It nay be that the only reasonable role for EEL's is as an 
anti-satellite weapon fired from the ground, SDIO's architecture 
■studies, nevertheless, envision ground-based FEL'e coming on line in 
the next century. If that goal is realized, the eventual Ml 
deployment would be huge. One proposed architecture, for example! 
calls for- [ ground-based sites with [lasers at each site (the 
building for each site would he one mile long), plus ] relay 
and battle mirrors in space. 

3. Neutral Particle Beam Research 

SDI's goals for neutral particle beam research were reoriented 
significantly last year, A neutral particle beam is a stream of 
uncharged atomic particles travelling at nearly the speed of light, 
which would penetrate a missile's outer layer and destroy its inner 
workings* SDIO soon realized, however, that neutral particle heats 
were a long way off from becoming militarily useful weapons in the 
boost or post-boost phase of defense. Therefore, last year NPBs took 
on a more important role — a role forced by a likely inadequacy of 



As -noted before, the key hurdle SDI faces in the midcourse is 
discriminating warheads f res decoys. SDI ■ has come to the conclusion 
that passive sensors, such as infrared detection devices, could not 
handle the diacrMnation job in a nuclear environment, particularly 
if the Soviets countered with thermal masking of their warheads. 
However, when a neutral particle beam is fired at an object, the 
object emits neutron and gamma rays in proportion to its mass and 
size. SDI scientists thus believe they can build a NPB device that 
would tap varheads and decoys, with a nearby detector device picking 
up the neutron and gamma ray emmissions to discriminate between decoys 
and heavier warheads (see figure 16). This is called interactive 
discrimination. 

To handle up to I warheads and perhaps | or more 
decoys streaming through the midcourse, SDIO envisions deploying a 
formidable force of interactive discriminators, One SDI architecture 
under study, for example, calls for placing in space (neutral 
particle beam accelerators to tap the objects plus jdetectors to 
pick up the emaisaions. To achieve such a constellation would be a 
tremendous undertaking, one that would likely not be fully operational 
until the 21st century. 

Building prototype models of the NPB accelerator and the detector 
would require significant advances in engineering and physics. 
However, the real hurdles to achieving such a militarily capable 
system are, first, reducing the weight of a space-based accelerator 
and detector. For example, Los Alamos believe3 that the weight must 
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be reduced from 300 metric tons per platfora (the current c 
that would cost a total of $2 billion to put in space) to a battle- 
ready platform of just 30 tons (see Figure 1?). 

Second, current rudimentary accelerators on the ground take veeks " 
to start up and then must be constantly fined tuned by technicians \ -. ..- 
when they are running. In space, the accelerator must start within"a 
matter of minutes and must be fined tuned in space by remote. control. 
Furthermore* the device that supplies the ions to the accelerator is 
notoriously fickle. Can this ion source be turned on remotely? Will' 
the spacecraft itself become charged electrically and affect the 
creation of the neutral particle bean? 

Shird, once the components ere constructed and downsized, piecing 
thea all together into en effectively operating discriminator will be 
"a real problem, n according to scientists working on the HPB project. 

Fourth, the electrical power reguireaents to operate the neutral 
particle beaa accelerator are Euch greater than anything ever supplied . 
in space. Something on the order of | might he required, 
depending on whether the device is csed as a discriminator or weapon. 
Some scientists envision the poser supplied by rocket Eotors turning 
turbine generators. Will hot gases emitted by the rocket motors get 
in the way of the heaa? What sort of vibrations and platform 
rotations will he caused by these motors, and will they disturb the . 
baas weapon's tracking and pointing accuracy? .,. -• 

Last year, SDIO officials had ambitious plans for HPB interactive 

discrimination. She organization was planning two ground test *-' 
experiments of the accelerator, plus an integrated space experiment '■< 
(ISE) in ~ that would cost $750 million: In response to questions 
raised last year concerning the treflendous cost of this one space . 
ezperifflentt SDI officials insisted that the ISE was critical to 
resolving issues concerning the accelerator's operability in space. 

For the moment, however, SDIO has pulled the plug on the space 
experiment. All funds for the detailed design, fabrication and 
testing of a space-based accelerator have been deleted in the F?87 
budget. An SDI official said that the H87 funds were cut because 
they are "trying to redefine the minimum essential thing we need to do 
in space" and that funds have been requested to restart the ISE in 
F?88, However, concerns are being raised, even within the program, 
that cutting the FT87 money will result in key contractor and service 
personnel drifting off to other projects and ultimately will result in 
the ISE being terminated rather than delayed. 

The funding cut is also noteworthy considering the high priority 
SDIO assigned last year to NFS interactive discrimination. Last year, 
SDI officials concluded that midcourse discrimination with these 
devices was absolutely critical to achieving robust strategic defenses 
against a responsive Soviet offensive threat. Now, one of the key, 
albeit expensive, experiments in that path to effective midcourse 
discrimination has been abruptly halted for the moment. As will be 
noted later, a near-tens deployment would have little if any midcourse 
discrimination capability. This particular funding cut may be one 
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While HPB interactive diScrimination_is a far-term option at 
best, SDI officials now believe that \ ^nayjaye^ nearer-term - 

applications for picking out warheads froi decoys. J wou ^ V ' 
involve hypervelocifcy pellets driven by a nuclear explosion — a sort 
cf nuclear shotgun that would strip away decoys revealing warheads in 
"the threat cloud. While some physical principles have yet to be 
proven, Los Alaaios scientists are encouraged by preliminary 
experiments conducted in this project, ■ 

Furthermore, SDI officials, who speculate that : . ^. 3 m 7 
have more near-term potential than neutral particle beaW have 
ordered an acceleration of this project. They have also'reguested 
extra funds in the FY87 supplemental appropriations request submitted 
to Congress in order to do concept verification work on .' : . - 

5. Far-term Innovative Technologies 

There has been considerable Congressional support in the past for 
the SSI program exploring far-term innovative technologies. While 
Members might disagree en the overall feasibility of as SDI system, • 
there is general agreement that the U.S. does not want to stop BMD 
technology in its tracks, and that we should explore innovativa and 
promising new technologies. To its credit, SDIO spared the 
"Innovative Science" ifork packages in its FY87 budget from any 
substantial cuts. These Innovative Science contracts make np only 3% 
of SSIO's FYS7 budget, but they are an important part nonetheless4 



For example, while the Innovative Science budgets for the Sensors, 
Systems and Support programs increased or remained essentially the 
same as a result of the FYS7 funding realignment, the Innovative 
Science programs in DEW and KM took drastic cuts. 

In sotae instances, high-risk research in far-term technologies 
are being scaled back. For example, at the Sandia Laboratory there is 
project Delphi (for Discriminating Electrons with Laser Photon 
Ionization). As the Soviets develop a responsive threat with 
countermeasureSj the Airborne Optical Adjunct System (AOS), tfhose 
passive sensors are to provide tracking and discrimination in the late 
midcourse and early terminal phases, will become less effective. 
Delphi, a pop-up system which uses a laser beam to in effect weigh end 
sort decoys, could be used for high value targets as a short-range 
discriminator in the late midcourse and early terminal phases. It 
would augment AOS, taking up the discrimination role as the capability ■ 
of the airborne passive sensor decreased. However, Delphi's proposed 
budget in FY87 of $20 million was eventually cut to $6 million. And 
its FY88 budget request of $22 million, in effect, represents a freeze 
in funding from the FY87 request. 
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By itself, a funding reduction in a single effort does not lead 
to the conclusion that the en':ire far-term innovative research effort 
is being sacrificed for the neat term. However, at various points in 
the SDIG budget for FY87 ve see evidence of such priority shifts. 
Furthermore, scientists involved in SDI research, worry that the shifts 
away from far-term technologies will become even greater as the near- 
teri deployment option takes hold. "We've already seen this problem 
with the STAR demonstration projects," said one scientists. "A near- 
tern deployment will just accelerate that problem." 

.6, Ground-based Interceptors 

Ihe ground-based interceptors that will defend the O.S, in the 
midcourse and terminal phases of the attack are EEIS (exoatmospheric 
reentry vehicle interceptor subsystem) and SSD1 (high endoatmospheric 
defense interceptor). Both systems would be non-nuclear. ERIS would 
attempt to destroy Soviet warheads in tie midcourse phase, while HEDI 
■would attempt to destroy the re-entry vehicles that escaped midcourse 
defenses and made it to the terminal phase. 

Current architectures envision or more ElS interceptors 
deployed in a far-term rob&st defense, backed np by as many as 
HEDI interceptors in the terminal phase — a staggering number, 

larger than our current ICBH fleet. Later sections of this 
report will consider the not-so-insignificant technological hurdles 
that Ernst be crossed just to achieve a limited near-tera deplopent of 
these missiles. For the moment, we will consider the early 
experiments and funding planned for these systems. 

. The current research for ERIS and HEDI is divided into two 



— the technology validation experiment for each interceptor, 
aimed at building a prototype model that will be test fired in 1990-91 
to demonstrate critical technology issues, and 

-» advanced technology research to produce by the aid I990's an 
operational interceptor that is smaller, lighter, less expensive and 



The total cost of just the validation experiments for both 
interceptors will be enormous — $794 million for ERIS and $979 
million for HEDI. No total cost estimates have been made for the 
advanced technology research. 

For ST87, however, SDIO has reoriented the ESDI and ERIS budgets 
in a way that has serious implications for what the two programs are 
seeking to achieve, Funding for both projects' technology validation 
experiments was scaled back minimally, by % t The $102 million 
request for ERIS was trimmed to $97 million; the $110 request for HEDI 
was reduced to $95 million. However, funding for the two projects' 
advanced technology research was slashed drastically, by 1%, The $20 
million request for ERIS was cut to $4,5 million, while the $38 
million request for HEDI was cut to $10 million. 
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The initial technology validation experiments are certainly 
essential parts of the ERIS and HEDI research efforts. And judging 
from all the publicity SDIO generated after its initial aidcourse 
interception deawnstration {the 1984 Amy Booing Overlay Experiment), 
ve would expect that the early 1990's MS and EDI test firings would- 
attract a good bit of attention. 

But those validation experiments alone ¥ill not tell SDIO whether 
it can build nilitarily capable interceptors. It is in the advanced 
, technology research vhere SDIO will find out if the interceptors are - 

"actually feasible — that is, whether, low-weight, low-cost, end high- 
perforEaBce interceptors can be produced and be effective against a 
determined Soviet attack. 

SDIG's funding reorientation for H87 increases the risks 
associated with the foil-scale developaeat decision to he wade on 
these interceptors, it causes an isbalance between the near- and far- 
tera schedules for the sissiles, and ttltimtely it my result in wney 



Ve are eore concerned, however, over whether this is an example 
of SDIO rashing toward sn early deaonstration of its technology at the 
expense of later building a adlitarily capable system. In other 
words, is tMs an etasple of the "deaonstrate now" Bjveaent within the 
progrsa? Are we going to end op with a flashy experiaent at the 
expense of an operational sjstes? 

7. Sensors 

SDIO again appears to have reoriented the priorities in its 
sensors progrea for FI87 and beyond, last year, for example, SDI 
officials noted that the sdssicfl of the Book Surveillance and 
Tracking Systes (BSIS) had been given the "less stressing Eissioa" of 
a "hell ringer 11 to warn of an attack and pass on preliminary 
iaforsation to the Hidcourse sensors. 

Tnis year BSTS, which is the sore Gstnre of the space-baaed 
sensor technologies, appears to he assnsing a greater surveillance 
role in the boost phase, providing attack warning and essassaent, 
boost vehicle tracking, target positioning, ASAT warning, nuclear 
burst detection, end data collection, 

last year, the Space Surveillance and Tracking System (SSTS) 
project was "coapletely revaHped, n according to SOI officials. SSTS 
was to assise a greater tracking role in the midcourse, taking on nany 
of the hurdens originally envisioned for BSTS. A "new thrust' 1 was 
takea in the project's concept developaeat-snd ground tests. 
Moreover, SDI officials last year placed heavy enphasls oa what they 
tensed a space experiment to be conducted in 1989-90. Called STEP 
(for Surveillance and Tracking Experiment Program), this experiment 
would involve a prototype SSTS satellite tracking a post-boost vehicle 
and midcourse objects, STEP also had a hefty pries tag of $600 
million. 

This year, the SSTS program has been stalled significantly, is 



effect, STEP has been cancelled and the entire SSTS program for R87 
has been frozea practically at the FY85 funding level. Moreover the 
FYS8 budget request is 25% less than what was projected the previous 
year. (It must be noted that SSTS project officials and contractors 
believed that the SDI Organization recently has been rethinking its 
budget cuts sad nay give the project sore priority.) 

Last year, there appeared to he no consideration given to placing 
a laser range finder on the ( experiment of the Airborne Optical 
Adjunct plane. The AOA's passive infrared sensor can do only angle 
tracking of warheads and other objects is the late oidcourse and early 
tenainal phases. The laser ranger, vhich would enable AOA to 
detersine range, had been an addition planned for future development 
of the plane. 

This year, SEE officials say thay "are coasidering r putting a 
laser range finder on the \ eneriEsat, vhich would give 
the systes a range-finding capability sooner. 



Tekea together, what do these reorientations indicate? If a 
near-tera deployasat sere initiated, it would likely have little if 
any aidconrse discxiziostioa capability, Vhat target acquisition and 
trading that occurred would be largely in the boost end tersiaal 
phases. Indeed, with the scaling back of SSTS it appears that SDIO is 
shelving for the Eoaent the mdcocrse distrMnatioa sassion. it the 
sass rise, it appears to be beefing up the role of the boost and 
tersliial phase sensors (BSTS and AOA), whose technologies are nore 
nature than SS1S. In other words, .the sensor technology appears to be 
reoriented to optMze 3 near-tera deployment. 

8. Spate-based Kinetic Kill Vehicles 

As noted before, the depbjaeat of directed energy weapons is a 
far-tera option for SDIO, likely not to occur before the end of the 
centnry. For that reason SDI officials envisioned, deploying initially 
space-based rockets or kinetic kill vehicles, which weald destroy 
Soviet Edssiles in the boost phase, post-boost vehicles in the post- 
boost phase, and warheads in the ddcoarse phase. 

Space-based kinetic kill vehicles (SBSSVs) represent the aost 
nature boost intercept technology on SDI drawing boards. The 
technology, however, has a ncssber of operational limitations, which 
will be discussed later and would likely have a short life span in 
space in terns of nalitary utility, nevertheless, SDIO envisioned 
SBEVs as the first wave of weapons in space for its comprehensive 
area defense, recognizing that as the Soviets developed 
coimteraeasures the military utility of these weapons would degrade. 

We will discuss later the overall battle architecture in which 
these SBKEVs would be deployed. For the moment, it should be noted 
that to achieve a 95? or more effectiveness for the entire system 
various architectures SDI has been analyzing call for a massive . 
deployment of anywhere frofl I SBKKV battle stations 

placed in apace that would house i interceptor rockets. 



Up until winter 1986, SDI was conducting ground experiments and 
defining systems concepts to pursue this robust deployment of SBKK'v's 
for the initial comprehensive architecture. However, in December 
1986, according to GAO investigators who had been reviewing the 
project, Lt.Gen, Abrahgnson directed that SBKKV research be 
drastically reoriented. Instead of pursuing the robust 95/S effective 
system, Abrahassoa ordered that the effort be divided into two 
projects: one to deploy a partially effective system in the near tern, 
and the other to continue pursuing the robust system. The funding 
allocation for these two efforts in FY87 is decidedly unbalanced, 
. however, and clearly shows that the SBKKV project is bow oriented 
predominantly to a near-tern deployment. Of the $75 million budgeted 
for the SBKKV experiment in FY87, only $5 million has been allocated 
to research into the robust systea. The other $70 million will go 
toward the near-tera option. 

in a robust systea the SUSP's sould be used for boost, post- 
boost and cddcourse defense and would have an initial operational 
capability in the aid to late 1990's. In the near-tera optiou SDIO is 
now pursuing, SBSSV's woald have no aidconrse capability and would 
only be able to knock out a ssall percentage of the Soviet warheads in 
the boost and post-boost phases. An engineering development decision 
would be Eade around 1990 and an initial operational capability would 
be pushed up to 1993. ^addition, the near-tera SBSEV's.are 
envisioned to have a lile in space instead of a ~J life. 

Instead of the President's vision of eliminating the threat of 
nuclear ballistic missiles, the near-term goal for 1994-95 vunld be to 
have a systea that does little mre than confuse Soviet strategic 
planning. The Phase H Systea Concept Beouiresent SDIO seat oat to 
contractors io February for SBK?'s calls for it to kill only | 

Soviet warheads, allowing over Jto slip through by Air Force 
Space Division estimates, Tl other words, the near-tera reooireiz-e&t 
SDIO sent to its contractors is for a.SBKK? systea that kills about 

Jof the Soviet strategic warheads. Given the overabundance of 
Soviet warheads relative to useful targets, an ._]H11 rate by 
SBKXV/s can only be regarded as a token defense. 

Furthermore, the testing schedule for the SBSKV has been changed. 
The director of the Kinetic Energy Weapons Program said that in 1985 
SBEKV's interceptor experiment was to be a fuU-functional, space- 
based test scheduled for ____ L Since then, however, the scope of 
the test has been reduced and the date for the experiment has been 
moved 

The recent funding pattern for the entire SBKIV Systems Project 
also is noteworthy. For FY1987, Congress appropriated a 16% funding 
increase over FI1986 for SDI activities overall. Yet in allocating . 
that increase, the SDI Organization last October actually cut the 
SBKKY Project by 52 from its H1986 funding level. Then last 
December the decision was made to reorient in effect the SBKKV Project 
toward a near-term deplopent. When the 100th Congress convened. in 
January 1987, the Defense Department requested an emergency FY1987 „.' 
supplemental appropriation for the SBKKV Project that would increase 
its budget 222 over the FY1985 level. What is more, the FY1988 SBKKV 
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This funding pattern suggests that the SBKKV Project was not 
doing too well in the competition for SDI dollars, until the decision 
vas made for near-term deployment. Thereafter, the program turned on 
a dke. We should note that Air Force Space Division briefers 
insisted that the initial funding cut in SBKKV was due to the transfer 
of an activity out of the project . Our briefing in Washington by the 
W Program manager, however, substantiates the conclusion that the 
program vas saved from a cut and boosted by the push for near-tera 
deplopent. 

The shifting priorities of the SBKKV project represents the most 
conspicuous example of the programatic reorientation the Strategic 
Defense Initiative has undertaken to pursue a near-tera deplopent. 
Instead of eliminating the threat of Soviet ICBM and SUM re-entry 
vehicles, SDIO is settling in the near term for only a token space 
defense against these warheads. Building simply that token defease 
(rill be no small achievement, as will be discussed later, tfext, we 
will consider the reorientation that is being undertaken to nut this 
token system ia space in the near-tern. 

9. Heavy lift Launch Vehicle 

Sines its inception, the SDI Organization has realized that it 
would need to develop a mucin greater launch capability at radically 
reduced costs to put the 20 Billion to 200 Billion pounds of SDI 
hardware into space. Keep in Bind, in 1985, the U.S. launched a total 
of about 350,000 pounds, a figure typical of earlier years. Last 
year, SDI officials emphasized that developing the launch capacity to 
Eeet SDI's goals would be a monumental undertaking requiring a 
"complete revolution" in America's current space effort. However, as 
huge as this undertaking would be, SDIO in the past has believed that 
a concerted effort to improve the launch capacity could be put off 
until even sore monumental problems of actually producing the 
strategic defense components were resolved. 

SDlO's attitude toward space transportation has now changed 
dramatically, however. And clearly the change is due to the movement 
within the program toward a near-term deployment. 

Because of the near-term deployment push, SDI now appears to be 
shoving money into its space transportation program as fast as it can. 
Tne organization Bas requested an urgent supplemental appropriations 
for FI87 of $110 million for the heavy-lift launch vehicle. For FffiS, 
. SDIO .is proposing that the space transportation budget grow tenfold 
over FI87, not counting the FIS7 supplemental. Last year SDIO 
'projected that it would need only $169 million for space 
transportation in FY88. This year it is proposing that $434 million 



When SDIO began reorienting its program last year toward early 
deployment, the biggest and most obvious obstacle it faced was the 
absence of any space transportation capacity to lift thousands of 



SBKKV's into orbit. Moreover, no space transportation capacity 
suitable to the requirements of early deployment was even planned last 



Figure 18 shows SDIO's 1986 chart on possible space transportation 
timelines, which was included in our report last. year. The space 
shuttle fleet would be in operation, but even if augoented with 
another shuttle, would have insufficient capacity and would not meet 
the cost goals to launch a apace-based defense. 

Shuttle II, a heavy-lift, follow-on to the space shuttle, could 
have the capacity to support SDI and perhaps have a low enough cost, 
but it was not envisioned to be ready for service until nearly 2005, 
according to Figure IS. 

A shuttle-derived vehicle (SDV), built from incremental 
improvements to space shuttle technology, might be ready in the mid 
1990's, but being 3 derivative of the shuttle its cost to orbit would 
not coae close to SDI's goals, (Presently, it costs $1,500 to 53,000 
to lift a pound of material into space. SDI's goal is about a 10-fold 
reduction to $200 to $400 per pound in space.) 

The siagle-stage-to-orbit (SST0) vehicle would probably have 
heavy-lift capability, but again would not be available until the turn 
of the century. 

President Reagan has tslksd about an "Orient Express," a 
hypersonic plane that could take off froa a 'U.S. runway, fly 
passengers into space and land in the Orient. Tha President also 
envisioned that this aerospace plane would carry SDI cargoes. Asked 
about Orient Express's potential for SDI,. the prograg aaaager in 
charge of space transportation said this year it would not be ready 
for any type of heavy-lift transportation in the- early 1990's to 2000. 
"Maybe in the year 2013*" he added. "God knows what we can do then." 

last year, however, SDI deployment was not anticipated until the 
late 1990's because the hoped-for exotic SDI technologies would not 
likely be available until then. There simply was no anticipated SDI 
demand for a low-cost, heavy-lift booster before 1995. Furthermore, 
there was no other military or civilian space program that required 
such a booster. The space station is designed to be launched by the 
space shuttle. Briefings by the Air Force Space Division last year 
and this year indicated no Air Force need in the near tena for a 
heavy-lift rocket with a paylosd of 100,000 to 150,000 pounds. Last 
year, the space shuttle, expendable lift vehicles (ELV), and possibly 
a shuttle-derived vehicle were the launch .systess NASA and BoD 
expected to use in the near term for civilian and military cargoes. 

The decision to reorient SDI toward a near-tera deployment, 
however, presented a iommtental launch capacity problem. Figure 19 is 
a draft DoD chart given to Congressional staff, which shows launch 
requirements the 0.S, has, in the absenee..of .s.....near--terM SDI 
. deployment , during the next 20 years. The chart shows that currently 
the U.S. can launch about 400,000 kilograms annually for that period. 
The launch requirement for that period, however, will increase to 
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about 750,000 kilograms annually beginning in 1995. Keep in mind, 
though, that current U.S, capabilities could he increased to aeet an 
annual goal of 750,000 kilograms simply by adding to the U.S. fleet 
more cf the present space vehicles, A heavy-lift launch vehicle is 
not needed to meet the 750, 000-kilogram requirement annually. 

Figure 20, however, is a draft BoD chart depicting B.S, launch 
requirements assuming an early SDI deployment and assuming early 
production of a heavy-lift launch vehicle. A near-term deployment of 
"SDI causes the launch requirements to skyrocket. Instead of needing 
to put 750,000 kilograms in space annually beginning in 1995, the U.S. 
eventually would need to launch abont 2 million kilograms, or about 5 
million pounds annually. 

To lift the tons and tons of space-based kinetic kill vehicles 
required for an early deployment, the 0,S. indeed would have to build 
gome type of heavy-lift launch vehicle (HLLV), ft HI&V is envisioned 
to he able to put 100,000 to 150,000 pounds in space per launch. By 
comparison, the space shuttle now lifts anywhere from 20,000 to 50,000 
pounds depending oa the orbit. It is interesting to note, however, 
that according to Figure C apparently even the HLLV would not be 



Bi short, Eovjng to an early SDI deployment would require^ nev 
heavy-lift rocket to haul-Sato space the SBffiV hardware, Hithont an 
early SDI Qeployneat, no such r^tdieseflt for a heavy-lift rocket 
exists in the near tena, A HLLV Eight be useful for other activities, 
hut it is tot required that early in the decade. 

Figures 21 and 22 are recent draft DoD charts showing what oust 
happen to a heavy-lift rocket prograa if an early SDI deployment 
occurred. Figure 21 shows the demiopaent of space transportation 
technology assuming that Congress does not agree to the F71987 
supplemental appropriations request for heavy-lift rocket development 
and no changes occur in the space transportation systea to support an 
early SDI deployment. The initial launch capability (EC) of the 
heavy-lift launch vehicle would not occur until about the year 2000. 

Figure 22 shows what would happen if Congress agrees to 
accelerate the heavy-lift rocket program. The Defense Department 
would try to move the initial launch capability of the heavy lift 
rocket earlier to about 1995, a 4- or 5-year acceleration of the 
program. On March 5, 1987, in Senate testimony. Air Force and NASA 
officials confirmed that the Administration seeks an even greater 
acceleration of the HLLV program, to a 1992 or 1993 initial launch 
capability. That would mean design, development, testing, and flight 
certification of a space transportation systeu in about five years. 
The fact is, such an acceleration of the original heavy-lift program 
is not only difficult, it is also impossible to accomplish if the Air 
Force still wanted to meet SDI's ultimate cost reduction goal in the 
1992-93 timeframe, 

SDI's goal was to have a heavy-lift racket with a factor of 10 
reduction in the cost of launching an object to orbit. But as one SDI 
briefing chart put it, acceleration of the heavy-lift rocket program 
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to support an early SEE deployment "precludes incorporating cost 
reducing technologies" in that sear-term rocket. In other words, the 
technologies envisioned for making an order of magnitude reduction in 
launch costs cannot be pushed that fast. Congress, no doubt, will 
recall the predictions HASA officials made about the space shuttle 
reducing launch costs by an order of magnitude, a prediction that 
never canse to pass. What is more, the space shuttle required 10 years 
to design and build. 

What SDI has done, according to the briefings we received, is 
tell its rocket engineers to take the design they envisioned for a 
turn-of-the-century heavy-lift rocket end work backwards to determine 
what could be done for a near-term heavy-lift rocket. The result is 
that SDI now is seeking as a ^oal a near-tera heavy-lift vehicle with 
a factor of 3, not 10, reduction in operating costs. In other words, 
instead of lifting material into space for $200 to $400 per pound in 
the far term, SDI is seeking for the 1992-93 tieefraae a launch cost 
of §1,000 per pound. 

This near-term, or interim, goal is spelled out explicitly in a 
draft Program Research and Bevelopaeat Announcement (PRDA) for the 
heavy-lift launch vehicle design, which we have obtained. A PRDA is a 
document in which the Edlitary solicits design study proposals from 
contractors. Because of the movement toward a near-tern SDI 
deplopent, the Air Force Systems CoEaand now wants a HLLV that lifts 
Eterial into space for abont $1,000 per pound by 1992-93 and $200- 
$400 per pound by the year 2000. The Air Force draft P£DA states: 

The major criterion will fee to select the concept design 
that comas the closest to the objective HIV goal of a ten- 
fold operating cost reduction; the earliest and at the lowest 
development ccst. A secondary criterion all be the concept 
design that coses the closest to the interim HLLV goal of a 
three-fold operating cost reduction the earliest and at the 
lowest development cost. The technical, management, and cost 
proposals will be evaluated at the same time. 

An indication of .the urgency the Air Force is placing on 
producing an interim heavy-lift vehicle is the fact that under this 
draft PEDA the contractors would have only 30 days from the date of 
the PSDA's publication, to respond with a design study nroposal for the 
BIXY. 

The difficulty of building a launch system that meets this 
schedule and its bifurcated cost reduction criteria is not lost n on the 
Air Force. The PBRA states that the interia; HLLV should be available, 
"to the extent that can be done without compromising tha ultimate cost 
redaction objective for the BLLV," 

To get a picture of i'hat the Air Force is trying to accomplish, 
it's liks asking Detroit to rake its standard American sedan that gets 
20 miles per gallon and to create, within half the :fe sormally 
required for a new veliicle, a new basic design that carries three 
times as much weight kt that has a fuel economy of 60 miles per 
gallon in the mid-1990's and 200 ailes per gallon by the tsnt of the 
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century. 

It remains to be seen whether such a feat could be accomplished. > 

C. Near-t er n Deployment Architec tu r e 

So one within the SDI organization would provide us with a 
systems architecture for what a near-tera deployment would look like. 
That is, no one could or would tell us what would be deployed in the 
. near terns, and In what (mounts it would he deployed. In fact, our 
questioning if SDIO officials concerning the existence of a near-term 
architecture turned up a number of conflicting statements, for 
example: 

t Brig. Gen. Malcom O'Neill, SDXO's deputy director for programs 
and systems and the person in charge of architecture work, told us he 
had received no direction froa his superiors to put together a near- 
tera architecture and has "made no recommendation on a near-tern 
deployment," "I know what I would do," O'Neill said in reference to 2 
near-ten deployment. "But I have no license to recommend that or 
accomplish it," When asked what stimulated all the talk about neer- 
tera deployment, he said, he thought it stemmed froa people oa Capitol 
Hill who eistmderstcod briefings presented by SDI. 

He have learned, however, through reliable sources that defense 



preside neap-term; deployment architectures and are in the process of 
submitting those architectures to O'Keill's office. Further, the 
contractors are now entering Phase HC of the architecture horse race 
in vaich they are doing considerable work on the near-tera option. 

t Ho one would or would provide us with cost estimates for a 
near-tera deployment. After three years in existence, 3DI0 still has 
not provided Congress with cost estimates for a far-tern, robust 
deployment, insisting that while it knows deployment can be 
accomplished the research is nevertheless at too early a stage to 
determine what it will cost* SDI officials now say that while they 
know they can begin a near-term deployment within (years, they claim 
it is still too early to tell hoy much that deploysent would cost, 
lie obvious question arises: If the research has so matured that SDI 
officials are confident of an early deployment in | why is the 
research so immature that a price tag cannot be placed on that 



• During our briefings, no one disputed the fact that only a few 
SDI technologies would be available for a, near-tera deployment in the 
time frame that has been been proposed. In other words, no matter if 
SDIO did or did not have a near-term architecture laid out, there are 
only a fev types of veapons and sensors it could deploy anyway. 

The information that has come to our attention in this study 
leads us to believe that a near-term reference architecture does 
exist, despite SDI officials' statements to the contrary. 
Furthermore, that near-term architecture ia not being disclosed to 
most members of Congress. Additionally, it is our understanding that 
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We understand that SDIO presently has a "black program" that Is 
developing a reference architecture for a near-tens deployment of 
strategic defenses. That is, access to this near-term architecture 
program is compartmentalized so that only a few members of the House 
and Senate would be allowed to review it upon request. 

We, of course, did not have access to the near-term architecture 
being developed under this black program. We have been told, however, 
that the architecture being developed in this black program at full 
operational capability (FOC) in the late 19§0's resembles the public 
architecture being presented in the December 15, 1986, Marshall 
Institute report on "Deployment of Missile Defenses in the 1990's." 

Furfchsraare, we nave been told that the near-term architecture 
being considered in the black program is fairly immature and requires 
further analysis and refinement. As one source told us, the near-tens 
architecture could "not stand any close scrutiny. That's why they've 
put it in the black." Incidentally, many SDI scientist and program 
officials also made derisive comments to us about the Marshall 
Institute report because of its inflated projections of systera 



Although we ditf not have access to SDIO s near-term reference 
architecture, based on our review of the current SDI program, of the 
changes cade in its priorities, and of thu near-term options SDI 
officials have recently received froe their architecture contractors, 
ve believe ve can describe what kind of near-term architecture SDIO 
has in aind. la doing so, we will look at lour tiaefraises: 1998 and 
beyond, 1991-92, 1994-95, and 1997-98. 

1. Must System (19SS and Beyond) 

Before examining the near-terra architecture, it is useful to 
note the type of robust strategic eef systea SDIO last year 
envisioned deploying beyond the -1997-$3 time frane. This has been 
known as SDIO's far-term "Reference Architecture," iMch would 
supposedly have a " ■ effectiveness against ballistic missile 
warheads. The organization originally envisioned a full-scale 
engineering development decision on this Reference Architecture 
soaetirae around 1993, with the initial deployment beginning about 1997 
and Ml operational capability achieved in the early 21st century. 

Figures 23 and 24 present the components of the reference 
architecture as developed from the studies submitted by the system 
architecture contractors. As will he obvious froi the listing, the 
reference architecture would involve the 'deployment of a staggering 
nmsber of weapons and sensors. Figure 25 depicts in more detail how 
just the massive deployment of space-bassu kinetic kill vehicles might 
be configured. (Figure 25 coses from a reference system concept for 
SBEKV's developed by the Air Force Spate Division, The number of 
SBKKV's deployed is different from SDIO's reference architecture in 
Figures 23 and 24. The Air Force concept is one of a number of 



architectures that have been presented to SDIO.) 

For the boost phase defense, tens of thousands of kinetic kill 
vehicles would be deployed on thousands of battle stations to try to 
knock out Soviet boosters, post-boost vehicles and warheads in the 
midcourse. In """I orbit would be a ~ ' " "or more BSTS 
satellites that would .serve as bell ringers to warn of an attack. In 
the aiidcourse phase, " "" iSSTS satellites would be deployed, 



litially perhaps with H sensors and later w 

J to track and discriminate warheads in the" " 
midcourse. For the terminal phase defense there would be deployed 
, .__ '"^"-jof exostmospheric interceptors like ERIS, high 
endoateospheric interceptors like HEDI, and low cndoatmospheric 
interceptors called LEDL Also for_ the terminal and late midcourse 
phases there would be g o re than ■ ' ^Airborne Optical Systes (AOS) 

planes with'' . [plus about ^terminal imaging 

radars (TIR) based on the ground. 

As the Soviets' responsive threat evolved, the mdcourse senson 
would be supplemented with dozens of DEW space pltaforms that would 



; that this initial Reference Architecture would he 
about 952 or more effective against basically the projected Soviet 
offensive nuclear threat, Keep in sind tiiat this percentage 
effectiveness represents tare of a goal at this point than a proven 
result. Whatever the initial percentage effectiveness, SUE) realizes 
Ml well that it will decrease as the Soviets develop their 
responsive threat — that is, counteraeasures to defeat U.S. defenses. 
Therefore, as the Soviet responsive threat evolves, SDIO envisions 
deploying a huge array of DEtf weapons and more sophisticated 
interactive discriminators to keep the effectiveness percentage high. 
BeployEent of these sore exotic weapons supposedly would not begin 
until the end of this century or the beginning of the 2lst century. 

How to the near-tersi architecture. Again, based on cur study and 
oastnssious trithin industry, this is the type of deployment scenario 
we believe SDI is considering. Moreover, the architectures we - 
describe are based on the schedules ve have seen for specific SDI 
systems. 

2. Treaty Coaplisnt Deployment at Grand Forks, O. (1991-92) 

Within the SDI contractor comnmity and the companies performing 
the systeos architecture studies, there is significant discussion 
about an earlier deployment option than what SDI officials have been 
publicly Implying. 

Ma early deployment option, which would comply with the 1972 
M Treaty, would involve deploying 100 prototype ERIS interceptors at 
the old Safeguard Site at Grand Forks, O. Lockheed, whose SDI 
engineers have visited Grand Forks to survey the site, briefed us 
extensively on this early option. 

Presently, Lockheed's ERIS program is building a functional test 



vehicle (FT?) that would be flight tested in 1990. This test vehicle 
would be twice the size of the operational MS interceptor SDIO wants 
Lockheed to eventually produce (see Figure 26), it would be at least 
six times as expensive as the operational ERlS interceptor, and it 
would he less capable. Under last year's schedule, SDIO would make a 
full-scale engineering development decision about 1993, following the 
HV tests. ERIS would then have an initial operational capability at 
shout 1998 and a full operational capability by the year 2000-2001. 

If a decision were made to deploy 100 missilesj Lockheed would 
rush up its test schedule for Iha functional test vehicle and begin 
rtnovatiag the abandoned Safeguard site (see Figure 27). A version 
of the FXV's would be deployed at Grand Forks by 1992, according to 
Lockheed, with a capability to destroy 50 Soviet EV's t or less than 
one percent of its strategic force. For surveillance, tracking, 
acquisition and kill assessment the site vould rely on existing or 
upgraded ground-based radars (B£KS, PAE, PAVE PAWS) and satellites 
(DSP). 

Lockheed officials -estimated that the 10-year life cycle cost of 
a lOQ-eissile deployment v ould be 53,5 bullion. Bey also msintaiaed 
that the deployment vould protect against an accidental launch or 
rogue attack, vould provide high leverage for the small mobile ICBM 
deployment, would give L'-S, troops operational experience, and would 
serve as a hedg* against a Soviet breakout of the M Treaty. 

We could not determine whether SDIO is serio'jsly considering a 
100-flissile deployaent. Lockheed officials- indicated tlat additional 
funds would be required ia FI1987 to hold to a 1992 IOC, and so far 
SDI has not provided that Money, Sacfe a deployment would appear to 
run counter to Secretary Weinberger's objective of Mtialiy deploying 
components "integral" to a far-tens area defend- Koreover, 
scientists in and outside the SSI prograe fcsve different opinions 
about the benefits of such a deployment, Fix*t, Lockheed's cost 
estimate at this early date may be low. FarlfeaJSore, if the D.S. 
launched this deployment and what would likely end up being a major 
construction project at Grand Forks, mud: of the program's advanced 
technology progress vould be frozen to meet the 100-missIle deployment 
needs. Because of the FfV's limitations, scientists are cot in 
agreement over whether such a deployment could in fact provide 
complete protection against an accidental launch or rogue missile 
attack, particularly if the missile came from a subEarioe. It is 
generally agreed that this deployment would give 0,S, troops 
operational training Soviet troops nov enjoy, Also, it may serve as 
some hedge against a Soviet breakout of the AB.1 Treaty, although it is 
arguable whether this would be the tht so3t effective or ef£i:ient 



3. Initial Sp?.te-/Groi!2d~3ase(i System Inconsistent tefch the AM Treaty 
(1994-95) 

Now we will coasider the near-term architecture that SDIO appears 
to be pursuing for later than 1992, With space-based weapons and 
interceptors located other than c* Grans! Forks, this deployment vould 
t with the AM Treaty. It is envisioned that the 
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weapons ar.d sensors that might be available for near-term deployment 
■-ill reach cheii aajor validation milestones in the ; timeframe. 

Therefore, a full-scale engineering development decision night come 
around 1 according to the optimistic assessment. Then, operating 
on a tremendously rushed schedule, SDIO might be able to have an 
initial operational capability of its system by "\ He will discuss 
later the technical and administrative hurdles that oust be overcome 
to Eeet such a deadline. 

* In the boost phase, the only weapons technology available is 
space-based kinetic kill vehicles- As noted before, the SBKKV project 
managers have directed their contractors to design a system that is 
capable of killing [Soviet warheads in the boost or post-boost 

phase. We toll assume, for illustration purposes only, that the 
Soviet boosters this System vould face vould have 10 warheads each and 
no decoys. We will further assume a bum tise for the Soviet booster 
of 300 seconds — about the current cap ability for an SS-18. With 
that bum tise, m are told that about J U.S. kinetic kill 

vehicles in the constellation vould be in range'bf the Soviet target 



Therefore, to kill ^Soviet warheads (or "^Soviet .boosters 
or buses) in the boost and post-boost phases SD10 vould need to deploy 
about |J kinetic kill vehicles in space. Tvo years ago, SDIO was 
talking about placing a large number kinetic Mil vehicles on each 
space-based battle station* Kov SDIO believes it is better to put 
fever K?'s on each platform to lover the value of each platform to an 
anti-satellite attack. Assume, for example, that about 5 HP's would 'be 
placed on each platform — there would not likely be sore than 2H -^ "" 
the amber is 5, then ve are talking about having around """"^Kv' 
platforms in space for the near-term architecture, is this example. 

Beep in mind that the number of iSV's or platforms in space 
varies, for example, vlth the nnaber one assigns to the Soviet 
boosters 1 bum rises and with the 'probability of kill one assuaes for 
the W. Host likely the near-term deployment would have to have more 

than iKV'sand ~ jtqkill _JSoviet warheads. Also, 

the number of KKV's in the coastellatlon voold increase as aore 
interceptors ate produced and placed in space during this timefrase. 
(For example, we have seen proposals froa.systea architecture 
contractors that call for a deployment of up to ~ jKP's in 1994-95 
— presumably for a higher rnmber of Soviet warheaTkOls.) 

For the Eotsent, however, we will assume that the SBKE7 project 
managers' directions to the contractors to achieve a 1,000-wahead fdll 

goal is, in fact, the goal SDK has in mind at least for \ If 

that is the case, then the boost phase would be able to thin out no 
sore than JJof the Soviet offensive nuclear threat. 



__ _J~~(FuH coverage k 
requiring* . .__ [satellites . ) 



The some 20 minutes of the midcourse phase would, in effect, be 
the blind spot of this near-term architecture. The SSTS, the passive 
IR satellite for the midcourse, would not be available for this near- 
term architecture. In other words, unless perhaps Prometheus cones on 
line early there will be no midcourse discrimination until late 
midcourse. The KKV platforms also would not be executing any 
midcourse kills. 

The late aidcourse would likely have only several to a half dozen 
airborne optical adjunct planes discriminating and tracking warheads* 
If AQA is not full strength at that time, SDIO Eight be able to deploy 
several dozen rocket-launched probes with infrared sensors to perform 
SOae of the tracking and discrimination. 

The only ground-based interceptor that could be deployed in the 
near-tera would be ERIS to kill warheads in the late midcourse. (HEDI 
would not be available in this time frame.) Lockheed projects that 
beginning in it can deploy lERIS interceptors if it 
sdopts a "hurry-up" schedule of development and production, Lockheed 
further projects a deployment of up to one dozen ground-based terainal 
imaging radars for warhead tracking and discrimination in the terainal 
and late nrLdconrse phases. 

Depending on the size of the deployment, Lockheed projects that 
ERIS could intercept ;._..- { Soviet Warheads, or no aore than about 
i Of the EV's that escaped boost-phase kill. ■ 

All told, a near-term deployment in the 1994-95 tiEsfraae would 
have an effectiveness against Soviet ballistic missile warheads of no 
more than using Air Force Space Division threat projections. 
Such a defense, according to one SOI scientist who briefed us, would 
complicate Soviet strike plans and prevent a "cheap victory," hut it 
would not be very effective in tetss of supporting enhanced national 
security. 

Cost estimates for this deployEent are even sore up in the air. 
The SDI scientist offered a guess of $15-20 billion for a deployment 
in that period. 

nt With the AM Treaty 



Figures for what the near-term deployment would look like in this 
timeframe are eTeQ wr& tenuous — and, we might add, unreliable. 

In the boost-phase, there would be [space-based 
kinetic kill vehicles, many of than upgraded fron the 1993-94 models. 
Anywhere from ' BSTS satellites would be deployed, depending on 
the analysis. 

In the midcourse phase, a half dozen or lore SSTS satellites 
might be deployed, augmented by ' satellites. The ERIS force 
would be increased and upgraded to \ Also aiding in 

midcourse discrimination and tracking would be (Airborne 



Optical Adjunct Systems and up to probes. 

In the terminal phase, \ HEDI interceptors would be 
deployed, LEDI (low-endoatmospheric interceptors) would come on 
line, plus about a dozen terminal imaging radars. Again, these 
numbers vary depending on the analysis. 

How effective would such a system be against the projected Soviet 
threat? tfe heard numbers ranging from 30% to eventually 90% depending 
oa the level of deployment, capability, and assaaptioiis. 

states fluctuate 
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V. NSAR-TERH TECHNICAL HURDLES 

Overlooked xn the current public discussion over near-term 
deployment is the question: Can it even be done? The prevailing 
assumption, which is enthusiastically promoted by the SDI Organization 
and SDI proponents, is that yes, strategic defenses can be deployed in 
the near term, The only hurdle remaining is the political will to do 
so. The only issue remaining is how soon near-tern defenses caa be 
erected. 

Our review of the technology that would be involved in a near- 
term deployment leads us to conclude that this is a dangerous 
assumption to sake. Certainly no major breakthroughs in physics are 
required for a near-term deployment, and the technology involved 
generally is the aost mature that SDI is pursuing. Nevertheless, the 
technological hurdles SDI faces in pursuing a near-term deployment are 
considerable and should not be taken lightly. The bottom line is that 
even a near-term strategic defense will not be easy to accoaplish — 
certainly not as easy as SDI's more avid proponents have forecast, 

Keep in rxtnd that the near-term hurdles we are talking about are 
the ones involved with a system SDIO envisions being deployed in the 
1994 and beyond timeframe. Hone of the timelines we were shown for 
weapons and sensors Indicated that a deployment of nationwide SDI 
defenses is possible before that time. Clearly a crude, very limited 
systefl, such as the HK>~sissile deployment Lockheed proposed, would. 
face lesser hurdles and consequently could he deployed earlier 
• . ' " But such a system is not what Secretary Weinberger has said he 
had in mind for ths near-term. To get an idea of the difficulties 
with deploying a neai-tera system beginning in which would be 
"integral" to a later area defense^ »e will, look briefly at three 
weapons that would be used in such a defense. 

A. Space-Based fonetie Kill Vehicles 

The most stressing hurdles for a near-tem deployment will likely 
be in building tile space-based battle stations and their rockets that 
will attack Soviet missiles in the boost phase. 

The SDI program has made significant advances so far in its 
Space-Based Kinetic Kill Vehicle (SBKXV) Project. In the recently 
coveted Phase 1 of the project, SDIO, for example, succeeded in 
defining a concept for what a constellation of SBEV's might look like 
(although this concept is being reoriented significantly to 
accomodate the near-term objective). The project was able to define 
the type of experiments it wants to conduct to prove the system's 
feasibility. Also, some preliminary technology validation experiments 
were conducted in propulsion and ifrEerceptor electronics. The 
project, however, still has a long way to go before an operational 
SBEKV is produced. To use a football analogy, it's like a team having 
a successful draft and a good first seek of spring training. It's 
still a long way to the Sjper Bowl. 

In the second phase, project managers will try to validate the 
concepts they defined in the first phase. They will attempt to build 



portions of the the SBKKV battle station and rockets, Then they will 
try to demonstrate that they can build the entire system by examining 
and testing its various parts. The second phase mil culminate with a 
test of just the rocket interceptor technology by 19S9-1990. All the 
while, the project will be further refining its concept of how the 
entire defense system of SBKKV's should be produced and deployed. 

Phase II will hardly be a trivial undertaking. A number of 
critical issues remain to be resolved before an operational SBKKV 
could ever be deployed, some of vhich we will now describe: 

1. SBKKV contractors and project managers agree that the biggest 
hurdle they face is the "end game" — that is, building the high 
spaed, highly accurate, and highly reliable interceptor to destroy 
Soviet missiles. The critical questions being asked, particularly in 
Phase II of the research, are can a kill vehicle be built that can 
engage with a high closing velocity and with 3 high degree of 
reliability? 

The interceptor will have to employ a fairly sophisticated focal 
plane array sensor to permit discrimination between the Soviet missile 
and the large hot plume trailing it (the interceptor wants to hit the 
missile not the plume). SDIO has made significant progress 12 
developing a way to pick out the rocket free the plume. However, it 
still has a way to go toward mastering this task, particularly with 
th& rapid closing velocities the sensor will face. 

Furthermore, the Mil vehicle's guidance) navigation and control 
system will he under tremendous stress in the last few seconds before 
intercept as it tries to adjust its flight path to hit the missile. 
"When you're closing at extremely high velocities, there's a lot you 
have to do in those last few seconds," one briefer told us. 

SDIO's project managers and contractors stressed that developing 
a finely toned sensing and tracking capability on the interceptor and 
aboard the battle station will be crucial to the SBKV's success. 
Without it, said one contractor, "You could run out of fuel looking 
for the target, or you could send an interceptor out on a false 



In addition to developing the eyes for the system, SDIO also has 
to improve dramatically the speed of an interceptor. For the 1 
test, SSI officials have as a goal a speed of | kilometers per 
second, which may be too optimistic a goal, SDl's ultimate goal is tc 
produce an interceptor capable of travelling much faster. 

SDI officials and contractors are confident they can eventually 
achieve such high speeds. Scientists at the weapons labs, hewever, 
are more guarded in their optimism citing "treaeadous hurdles" that 
must be overcome to achieve such high speeds. "A JkHometer-per- 
second SKV requires major advances' in propellent, materials and weight 



The third major hurdle of the endgame is the front-end weight of 
the interceptor. The weight of the front end — the sensor and the 
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kill mechanism — determines Che weight and to a large extent; the 
performance of the entire interceptor. And the heavier the 
interceptor, the more the entire battle station weighs, and the more 
difficult it is to put these platforms in space. SDIO's goal is to 
reduce the weight of the interceptor's front end to about ''kilograms, 
an achievement the Fletcher Panel's report said was necessary "to 
provide effectiveness and rational orbital weights." Hughes officials 
predicted it would take about 5 years to get down to kilograms and 
another 4 years to reach the "\kilograni goal. SDIO, for example, 
hopes that the front end weight of its prototype KKV to be tested by 
1990 will weigh ~j kilograms or at least no more than \ kilograms. 

2. Sughes contractors believe that building the platform to 
house the kinetic kill vehicles in space will not be too difficult. 
The main problem will be making the platforms survivable. The Air 
Force, in its Phase II system requirements stated th at a nea r-term 
deployment of SBEEV's mist be survivable against ~~ .J anti- 
satellite weapons, Soviet ground-launched .^"ZJ missiles, Ml * ground- 
based lasers. 

No one knows whether the Soviets would employ these counter- 
measures in the near tern. If they did, making the SBKKV's 
invukerable to them would be a tall order. The tradeoff becomes one 
of weight. SDI officials predict that at least 201 of the "battle 
Station's weight will have to be devoted to enhancing its 
survivability. The more survivable the battle station is made — that 
is, the more hardening, maneuver and shootback capability it has — 
the lore the station will weigh, . SDI system analyses have largely 
concluded that battle stations with large number of missiles that are 
also invulnerable to tounteraeasures would simply weigh too much to 
launch into space. 

For that reason, SDIO is leaning toward battle stations with a 
fewer number of ffl's, as noted before. And it appears to be opting 
for "resilience" over "invulnerability" — more lower valued targets 
instead of invulnerable ones. Therefore, the total weight envisioned 
for each of these platforms — keep in mind these are very rough 
estimates — is no more than 3 to 5 tons. Such a platform, if it can 
be built at that low weight at all, would likely have limited 
hardening and maneuver capability, according to the experts we 
consulted. We should note that one analysis at Sandia pitting Soviet 
ASAT's against SBKKV platfoias showed that achieving an "optimal 

survivability" of /requires the mass of the platform to be 

^ J for hardening, maneuverability and self defense. Such a 

"platform would weigh _ _J 

3. The final issue to be resolved with SBKKV's is producability. 
Becausa tens of thousands of missile interceptors will ultimately be 
required, they will have to be mass produced at dramatically lower 
prices than the defense industry is currently capable of producing. 
SDI contractors point out there have been previous instances of 
industry moving quickly from handcrafting to mass production of 
weapons. However, there have been few instances of the defense 
industry achieving drastic economies of scale in any form of weapons 
production. For a variety of reasons, many of them not industry's 



fault, weapons prices tend to be driven up, not down. 

SBI proponents have talked about producing the kinetic kill 
vehicle interceptors at $100,000 a copy. Achieving such an unusually 
low price remains to be seen. By way of rough comparison, the 
Department of Defense has projected that it can build 17,000 advanced 
medium-range air-to-air missiles (AMRAAH's) for $359,000 per missile 
— and the General Accounting Office has questioned the accuracy of 
that projection. 

One final note, the ISBEV experiment, whose scope has been 
scaled back, will not be of a militarily capable system. A three- 
stage booster will be used to pop up a kinetic kill vehicle that will 
be fired at a booster. The goal of the experiment is to demonstrate 
that the "end game" can work — that the missile can be picked out of 
the plume, that the seeker can home in on the missile in the last few 
seconds, and that divert and closing velocities can be achieved. Left 
to be demonstrated is whether SDI0 can produce low-cost, reliable, and 
survivable battle stations that can aim and fire at a moment's notice. 

Under a near-term deployment schedule, SDI officials envision the 
first SBEXV's being placed in space beginning anywhere from | 
' To do so, however, the full-scale engineering development and 
production period that would normally be expected for such a major new 
weapons system would have to he significantly compressed, or 
truncated. Whether that can be accomplished without an unacceptable 
level of risk remains to he seen. 

B. ERIS 

ine second key weapons element of a near-term defense would be 
ERIS, the exoatiospheric reentry vehicle interceptor subsystem. MS 
interceptors would destroy Soviet warheads in the late midcourse phase 
by colliding with them. An initial deployment would number several 
htrndred to several thousand. Over time, however, SDK envisions 
; or more ERIS interceptors deployed. At the moment SDI0 is 
leaning toward placing the I 

■. ; that would roam the perimeter of the United States, 
Lockheed officials predicted, however, that ERIS would eventually end 
up in fixed sites. 

ERIS represents the most mature ground-based interceptor 
technology on the SDI drawing boards. Already, the Amy has tested a 
very crude prototype model, the 1984 Honing Overlay Experiment, which 
gave SDI officials some confidence that incoming warheads could be 
destroyed with non-nuclear interceptors. In fact, SDI officials have 
gone so far as to claim that £0& demonstrated that strategic defenses 
work. That is hardly the case. 

The HOE was far too heavy for operational purposes. The kill 
vehicle alone weighed over 1 ton, while an ERIS kill vehicle should 
weigh about 100 pounds. HOE vehicles cost over $10 million apiece, 
while SDlO hopes to get the cost of each ERIS down to less than $1 
million. HOE had delicate, sensitive instruments that required 
tremendous precision, while an operational ERIS must have rugged, 



rith medium precision. Maintaining HOE in an 
1 state would be 3 "staggering thought," according to or 
Lockheed engineer. ERIS must be a quick-launch, easy-to-operate 



Lockheed is planning to conduct its initial flight test3 of an 
ERIS functional test vehicle in ', That experiment, whose total 
cost is estimated to be $794 million, will demonstrate the intercept 
functions without specific regard to weight, cost, and operational 
requirements. Much of the technology for the functional test vehicle 
will involve off-the-shelf hardware that has been essentially 
repackaged. The technology that would be stressed in this test would 
be in the seeker, propulsion and ordinance system. Figure 28 depicts 
the sequence of events that might occur in the flight test. As 
complicated as this test will be, )I0 still has a long way to go 
before it achieves the operational capability it wants for ERIS. What 
follows are some of the critical hurdles that must he crossed to 
achieve an operational system: 

1. Quick Start, Long Lasting 

The Homing Overlay Experiment interceptor took three days to cool 
its seeker and hand-calibiate its detectors before it could be 
launched. ESlS must be ready for flight in } seconds. 
Ideally, it would be powered up two seconds before launch. It trains 
to be seen how quick a response time can be achieved for ERIS. By way 
of rough comparison, a mobile Pershing II missile takes a total of 
about I ; minutes to lift off after it has received an alert. 

Not only does the ERIS have to be quick starting it also has to 
be long lasting. SDIO envisions that the missile will have to remain 
dormant but battle ready for np to ten years, "so the soldier in the 
field doesn't have to do anything to it," according to a Lockheed 
official. Whatever recalibration that is done will have to be - 
performed in-flight. 



Figure 29 depicts the complex sequence of events that occurs from 
the time between an ERIS launch and its final intercept. As is 
obvious from the picture, the kill' vehicle oust perform a number of 
maneuvers quickly before reaching its target at a closing velocity of 
I miles per second. The j flight test will hopefully demonstrate 
that ERIS can receive target information from an external sensor and 
process it in short order to engage the target. 

Research is still being conducted on how much of a target 
discrimination capability ERIS can have on board, Lockheed officials 
note that one ^ay to I&ser the cost and weight of ERIS is to move the 
burden of discrimination and pre-cotmit data to the SSTS and BSTS 
satellites. Indeed, it appears that.th* bulk of the discrimination 
capability will have to be aboard, the sensor satellites. As it now 
stands, however, SSTS's midcourse discrimination capability would not 
be available for ERIS if it Is deployed in the near-term 1994 
timeframe. The question of when the Soviets could deploy decoys then 
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becomes crucial* Without a discriminator such as SSTS, "EBI5 has a 
problem" if the Soviets deploy decoys* according to one Lockheed 
official. There will be no atmosphere to separate decoys from 
warheads in the midcourse, so ERIS is faced with intercepting 
everything it sees unless satellite discriminators tell it otherwise. 

Mass producing the on-board seekers that will guide ERIS on its 
last 45 miles of flight will not be an easy task. Simple production 
designs must he developed for this sophisticated piece of equipment. 
Techniques involving high-precision, computer-controlled equipment 
will be needed to manufacture mirrors and infrared detectors in high 
Volumes and at drastically reduced costs. It remains to be seen 
whether these aew manufacturing tecnnoques can be developed. 

3. Height and Costs 

Tie functional test vehicle that will be ready in 1990 will be 33 
feet long and weigh 17,000 pounds. The operational ERIS Eust be 
substantially smaller — 14 feet long and ' ipounds in weight. Can 
E8IS be shrank to that size and rcalntain the performance levels 
envisioned (see Figure 30)? It remains to be seen. The key to 
achieving it will be reducing the weight of the missile's front end 
(its kill vehicle). She 

pounds (see Figure 31). 
"It's no Bean trick getting to that level," a Lockheed engineer said. 

Finally, the toughest hurdle along the path to an operational 
system is cost. Tne real issue with ERIS is to sake it cheap*" a 
Lockheed official told us. SDI0 has set a goal of $1 million to $2 
million in life-cycle costs for the ERIS. In other words, the cost of 
development, production and 10 years operation should cost no more 
than $1-2 million per sissile. Can such a resarkably inexpensive 
missile be pass produced? It remains to he seen. The United States 
has never prodaced or attempted to produce snch a high performance 
interceptor at sach a lov price. - Lockheed engineers agreed that "life 
cycle costs will sake or break the MS concept," 



Tne terminal phase of a strategic defense has the advantage of 
not worrying abont discrMnatiag warheads froa decoys. The 
atmosphere will separate or burn off the lighter weight decoys leaving 
the heavier warheads to be destroyed. The disadvantage is time. It 
takes a minute or less for the warhead to reach its target from tfca 
time it .reaches the atmosphere. 

U.S. anti-ballistic missile research in the past has assumed that 
nuclear-amed terminal interceptors would defend hardened targets, 
such as missile silos. The nuclear interceptor would explode when it 
got near the incoming warhead. Interceptor accuracy and the altitude 
the interceptor destroyed the warhead was not terribly important. 
SDI's goal of defending soft targets, such as cities, with non-nuclear 
interceptors poses a far more difficult task. The interceptor must 
reach a high altitude in a matter of seconds and practically hit the 
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bull's eye, because the incoming warhead will likely be salvage fuzed 
to detonate and damage the target even if intercepted. Therefore, the 
Strategic Defense Initiative is trying to develop a non-nuclear high 
etidoatnospheric defense interceptor (AM). 

The HEDI program is not as far along as the ER1S program. In 
fact, while the 1984 Hosing Overlay Experiment demonstrated the 
feasibility of an interceptor destroying a warhead in the nidcourse 
phase, ve will not demonstrate the feasibility of destroying that 
warhead with a non-nuclear interceptor within the atmosphere in the 
terminal phase until 1989- For that reason, it is unlikely that any 
BEDI's would be immediately available for a near-term architecture. 
Host likely, a full-scale engineering development decision would occur 
in 1992 and an initial deployment would be shortly after the 1995-96 
timeframe. It is envisioned that ultiaatelj about I HEDI 
interceptors vould be deployed in hardened silos at about j 
locations around the country. Ground-based terminal imaging radars 
(TIR's) would identify and track the warheads for HEDI. 

Presently SDI is conducting a two-phased experiaent. The first 
phase will take 5 years and will involve 5 flight tests not against 
targets. Phase II will'conist of 5 flight tests against targets 
beginning in 1991. The entire exgerinent is expected to cost about $1 
billion. 

The critical issues SDIO has to resclve in these experiments are 
speed, weight, accuracy and quick reaction time. 

1. Speed and Weight 

Tee organization's goal is to develop an interceptor 

j miles per hour. Sy 
comparison, a Patriot surface-to-air aissile flies at about 3,000 mpb.. 
Toe HEDI flight test vehicle vill travel at ':nph and he much 
heavier than 'the operational version. The test interceptor's kill 
vehicle, for example, vill veigh about ! pounds, while the 
operational, kill vehicle should weigh about ; pounds, SDI and its 
contractors believe that they can scale a? to the higher performance 
and down to the lower weight levels required. Yet clearly major 
technological advances vill be needed in the propulsion system and 
interceptor weight to move from a test vehicle t 
vehicle. 



2, Atmospheric Effects 

ESDI's kill vehicle will have a sensor that vill be covered by a 
skoud until about 4 seconds before its intercept, which vill occur at 
an altitude of 10,000 to 150,000 feet. Hhen the shroud is blown off, 
'the on-board sensor has just four seconds to find the warhead and 
guide the HEDI kill vehicle to it.' Not only vill the kill vehicle 
have to operate reliably in an incredibly short period of time, it 
will also face a tremendous amount of atmospheric turbulence as it 
hunts for its target. 



Keep in mind, the kill vehicle and its seeker will be travelling 
through the atmosphere at \mjjh. It's like driving a motorcycle 
with your eyes open vith no goggles or glass shield, only worse. 
Flying at such a high speed causes a number of problems for the 
seeker. One is "boresight error" which causes the target to appear 
somewhere other than where it is. The other problem is "image blur" 
where the high speed causes a distortion of the target image because 
of varying air pressure and the window material. 

Furthermore, most materials will tear apart or lelt travelling 
■^ ; raph. Therefore, the seeker's window will have to be rigid 
enough to withstand this stress but not so rigid that it degrades the 
optical signal passing through it so it can track the target. The 
seeker's window also will have to be cooled to withstand the extreme 
heat, but again the cooling must not interfere with the seeker's 
performance. One other problem: removing the shroud in the last 4 
seconds to open up the eyes of the seeker. The shroud separation must 
be accomplished in a way that does not damage the kill vehicle or 
knock it off course. 

3. Split-Second Interception 

The Soviet warhead, when it reaches the ataosphere will be 
travelling up to 16,000 mph. ESDI's kill vehicle will be travelling 
apn. In other words, the closing velocity will be aph. 
The seeker has 4 seconds to hose in on its target. HEDI's kill 
vehicle will have to pass within of the Soviet warhead to 
destroy it. HEDI's warhead also will have to be fuzed to explode at 
just the right moEaent within those so it destroys the Soviet 
warhead, before its nuclear round, which may be salvaged fuzed, has a 
chance to detonate. Accomplishing all this will be far from a 
trivial undertaking. 

One other cote on a Soviet counteraeasure that eight stress the 
BEDI defenses. As mentioned before) TIR will be providing tracking 
and target identification for HEDI. Once the Soviet threat cloud 
enters the atmosphere, TIR is expected to have an easier tine picking 
out warheads because atmospheric drag will separate the decoys from 
then. Warheads fired from Soviet ICBKs will enter the D.S. ataosphere 
at an angle, thus giving TIR extra tine to watch the decoys trail off. 
TIR and the HEDI defense system, however, run into a problem if the 
Soviets loft their warheads, particularly the ones fired from 
submarines at close range (see Figure 32). 

Lofting enables the warheads and decoys to come in at less of an 
angle, thus spending less time in the atmosphere. Figure 33 depicts a 
normal ICBH trajectory and a lofted trajectory. The decoys are 
represented by dots and the warheads are represented by circles. Both 
are plotted at one-second intervals. In the normal ICBM trajectory 
the decoy and warhead travel at about the same speed at 13 seconds 
before intercept (when the dot is in the circle). After that point, 
the decoy begins to trail the warhead because of the atmospheric drag 
effect and TIR can pick up the difference. But in a lofted trajectory 
the decoy does not begin travelling slower than the warhead until 5 
seconds before intercept — a much shorter time for TIR to pick up the 
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difference and relay the information to a HEDI interceptor. . 

A Soviet attack strategy that uses a mix of warheads and decoys 
on lofted SLBM trajectories thus might more easily overwhelm or 
exhaust HEDI defenses. Keep in mind the Soviet Union already operates 
SLBM systems that could launch decoys and warheads in lofted 
trajectories, which could threaten many major U.S. cities and 
installations. 

In this section we have highlighted some of the technical hurdles 
SDIO faces in deploying just three operational systems in the near 
term - the SBIKV, ERIS and HEDI. A number of highly effective 
ground- and space-based sensors also would have to ba built in the 
near term, not to mention very sophisticated computers and battle 
management centers to coordinate, control and direct this force. In 
addition, a fairly extensive and low-cost transportation, support and 
logistics system would have to be built to deploy the battle hardware, 
such as space-based kinetic kill vehicles, and keep it running. 

We are not suggesting that the technical hurdles involved with a 
near-tent deployment of SBKCT, E8IS and HEDI, or the many other 
sensors and computers, cannot eventually be overcome. We are pointing 
out, however, that marching to a near-term system will not be a 
cakewalk — • not by any stretch of the imagination. SDI proponents 
tend to assuse that a near-term deployment poses no major physics 
problems, only engineering problems that can be solved in short order. 
Indeed, a near-term option poses no major physics problems. But, as 
SDI's engineers are quick to point out, it is dangerous to assume that 



When all is said and done, a near-term deployment by itself would 
be a massive endeavor for the Department of Defense and the defense 
industry. In the next section we will examine the implications of 
such an endeavor for the SDI research effort and U.S. national 
security. 



VI, IMPLICATIONS OF A NEAR-TERM DEFENSE 

After reviewing extensively the public statements that have been 
made by near-deployment advocates and the supporting documents they 
have produced, we have been struck by the absence of discussion of the 
implications of such a deployment. A good chess player always knew? 
his second move. Yet little thought has been given to what our second 
move will be after a near-term deployment. 

Sear-tern proponents tend to be victims of one-way thinking. Its 
advocates claim that near-term deployment will complicate Soviet 
strategic plans, therehy enhancing U.S. deterence. But how Cjes a 
near-tena deplopent complicate U.S. strategic plans? A near-term 
deployment would place great strains on Soviet offensive developEent. 
But what strains do eventual Soviet countermeasures place on U.S. 
defenses? A near-tern deployment would enable the U.S. defense 
industry and scientific community to focus on a definable goal. But 
how dees striving to reach that near-tern goal affect the pursuit of 
our far-term objectives? 

The prevailing view among the scientists we interviewed in the 
national weapons labs was that not enough thought has gone into the 
implications for U.S. strategic defease research and U.S. national ■ 
security if we proceed with near-tern defenses. We den't know what 
our second move would be. We don't even know what the Soviets' first 
move would be. 

What follows is a gliip: 



A. Shifting Priorities 

First of all, the movement toward a near-term deployment is 
creating turmoil in a research program that has already been plagued 
by radically shifting priorities and funding allocations the past 
three years. la 1986, we reported that SDI had undergone dramatic 
shifts in its priorities, largely as a result of a realization that 
many of the technologies would not produce militarily effective 
systems. Some project budgets were slashed, while other budgets were 
substantially increased. We noted in last- year's report that while 
some shifting priorities in a relatively immature research program 
like SSI should ba expected, wild fluctuations in priorities, if 
continued, could seriously harm the caliber of research. Indeed, in 
last year's Defense Subcommittee hearings, General Abrahainson assured 
Members that the program had settled down and we would no longer see 
such fluctuations. 

In 1987, however, we are seeing once again the program's 
priorities shifting dramatically. Billion dollar space demonstrations 
that last year were being vigorously promoted on Capitol Ell as 
essential have been put on hold. Projects that last year were given 
high priority are now seeing their budgets frozen. Likewise, low- 
priority projects are now high-priority projects. 



The question mst be asked, how long can a research effort remain 
in this constant state of flux? SDI scientists say it cannot be too 
long. "What we need now is continuity and stability in this program" 
said one scientist. Furthermore, weapons lab scientists are acutely 
worried about their research being politicized as 5DI proponents and 
opponents fight over the program's objectives. They fear that this 
politicization will increase as the program moves toward a near-term 
deployment. "It's having a terrible effect on our lab," said one 
scientist. 

Incidentally, the lab scientists are not the only ones concerned 
about the turmoil that is occurring because of the near-term 
deployment push. SDI contractors are by no means unanimous in their 
support for the near-term deployment, despite the rush of defense 
dollars it would bring. Many contractors involved in far-tern 
projects fear their funding will dwindle as resources become focused 
on the near term. Furthermore, we have heard from several sources 
that deep concerns over the near-term movement have teen voiced 
privately even among some of General Abrahasson's program and project 
managers. 



B. Effects on SDI Research 

last year, SDI scientists expressed deep concerns about tfi£ heavy 
concentration of SDI funds in early technology deEonstration projects, 
the fear bsing that these projects would consume funds better used for 
basic research. That same fear was voiced by scientists we 
interviewed this year as it relates to near-term deployment. In a 
nutshell, SDI scientists worry that the near-tera push will greatly 
distort the prograa's priorities and the ultimate victin will be SDI 
research itself. 

In shifting to a near-tera deployment, SDI in effect would be 
moving from a largely research prograa to predominantly an 
acquisitions program — that is, a program focused on actually 
erecting defenses rather researching «bich defenses are best. It is 
inevitable that "major acquisitions will crowd oat basic E&D funding," 
according to one SDI scientist. 

Another SDI scientist explained: "If yoa want to deploy an 
initial operational capability by 1995 you have to lock in the 
technology you have nov ... If you go to engineering development now 
you can't erpect to maintain a robust research program. There will be 
a big tendency to move ahead by eating your children," 

Other scientists agreed. "Khea you go toward deploying a 
system," said one, "you put up as electronic field in front of 



Hot only is the far-term research inevitably cut back, the 
research in the immediate future becomes focused on resolving the 
problems at hand. "The near-term deployment will bias the research i 
that direction," said another SDI scientist, adding that the 



scientific energy "will be devoted to resolving the critical issues 
involved with that deployment. " 

Obviously, these concerns apply to any military program that 
takes the step from research to development and deployment. The 
question for Congress becomes, is this step premature for SDI at this 



Another question raised in the weapons labs is whether, in fact, 
the scientific and engineering coaaunities plus the defense 
contractors can work fast enough to achieve an early deployment in the 
1994-95 timeframe. "There's a serious question of whether we can 
institutionally move to a 1994 initial operating capability, " said one 
SDI scientist. "Unless there's a national emergency, it seems 
doubtful ... We've built in this institutional slowness into military 
research. The administrative requirements alone add an extra year to 
any major research project." tfe Bight add that none of the SDI 
scientists we interviewed described any national EEergency impending 
or on the horizon that would necessitate a crash program to deploy in 



Finally, the SDI scientists were deeply worried that a premature 
deployment of strategic defenses, if it resulted in huge expenditures 
and very little was accomplished, might poison the political well for 
SDI research in general. "The first victim out of all this would be 
the research getting whipsaved," warned one scientist, "It vould be a 
tragedy if the near-term deployment debate resulted in killing SDI 
research or truncating it." 



C. Cost Effectiveness 

We were told that cost estiuates for a deployed strategic defense 
systea have been generated among SGI contractors but these estimates 
have not been released because SDIO could not validate them. The 
bottom line, however, is that if top DoD officials can cooe before 
Congress and testify with dead certainty that comprehensive strategic 
defenses are feasible and can be deployed within a given ti&efrasie, 
they should be jast as forthcoming about estimating what it will cost 
the taxpayer. 

This should be the case, even more so, if e near-term, deployment 
is pursued. It seems inconceivable to us that a decision to proceed 
with a near-ten deployment would be made without any reliable cost 
estimates. Indeed, with the growth in defense spending likely to be 
slowed over the next seven years and with a procurement bov wave 
emerging over that period, it would be dangerous not to have prior to 
a deployment decision cost projections for a near-tera deployment In 
the 1994-35 period. Validated cost estimates should be distinguished 
from cost goals, the latter of which SDI has proffered frequently. 

Not only should the cost of a near-term system be determined 
ahead of time, its cost-effectiveness also should be established. In 
1985 Congress passed and the President signed into permanent law a 



Some argue that a near-term deployment might not be cost 
effective initially, but would become cost effective when later 
expanded to a far-term, comprehensive area defense. That would not 
satisfy the requirements of the 1985 law, which specifically says that 
a deployment cannot be Bade "in whole or in part" unless it meets the 
cost-effectiveness and survivability criteria. 

No one we interviewed was prepared to say that a near-term 
deployment, based on the current body of evidence, would be cost- 
effective. It is simply too early to tell. It would appear to us 
that a near-term deployment decision entails considerable risk without 
3 clear certainty of the deplopent's cost-effectiveness. 



D. uncertainty oyer. the .5 



As noted before, SDI scientists realize Ml well that a near- 
tera deployment will consuie a tremendous amount of resources. Even 
if the most optimistic cost projections are assumed, the deployment 
would still involve a major expenditure by the federal goverasat. The 
big question becomes, Wnat do we do after we deploy? Or, what is the 



To answer the question, first consider three facts: 

1. If we deploy in the near-term, the Soviets will respond with 
proliferation of their offensive force, their own defense system, or 
with conntenneasnres to overcome fl.S, defeases, or all of the above. 
The only disagreement among SDI scientists is how fast the Soviets 
would respond and what they would respond with. 

2. The Soviet response will mean the united States will have to 
build new defensive systems for the boost phase such, as directed 
energy weapons that will he more capable and sarvivable than the 
kinetic energy weapons systems that would be deployed in the near 
tern. At this point, SDI scientists do not know whether those 
directed energy systems actually can be built so they can operate in a 
battle environment. Even the physics of several of these systems is 
yet to he understood. Different components and small-scale models of 
some systems have been produced and tested, but not the entire system. 
The SDI research program is to answer whether these far-off systems 
will actually work. 

3. The Soviet response also will result in the near-term 
deployment eventually being swamped with warheads and decoys. Hat is 
why SDI is pursuing exotic technologies that might eventually perform 
mdcourse discrimination. But do we know at this point that we can 
solve- the midcourse discrimination problem with a practical and 
affordable system? "The answer is, no," said one lab scientists with 
extensive experience in SDI systems analysis, At this point "it 
becomes a matter of faith and experience that we will solve the 



As has been pointed out previously, a near-term deployment of 
space-based kinetic kill vehicles will have a short-lived capability 
in space as the Soviets develop their responsive threat. SDI 
scientists disagree on which response the Soviets would pursue or in 
what order they would pursue: fast-burn boosters, decoys, ground-based 
anti-satellite interceptors, nuclear weapons detonations in space, 
Soviet SBKKVs attacking our SBKKVs to punch a hole in the defense. 

What the SDI scientists do agree on is that whatever the 
responses the effectiveness of space-based -kinetic kill vehicles will 
degrade in the face of it. The only question is how soon. 

Figures 34 and 35 show how this degradation would occur and how 
enabling, or bridge, technologies would be deployed to fill the gap. A 
fleet of SBKKVs deployed in ] would significantly degrade in 
capability within [ as the Soviet responsive threat 
increased. The system could maintain a robust capability only if 
enabling technologies, such as free electron lasers and neutral 
particle beam discriminators, are phased in. The issue on the minds 
of cany SDI scientists is whether the enabling technologies will be 
available to be phased in as the capability of the near-term 



"The real question is not can you deploy in 10 years," said one 
SDI scientist. The real question is, is there a gap after that 
deployment? Do you have the bridge technologies, like midcourse 
discrimination, which you're going to need to have in the future. 

"The problem yoa have with an early deployment that is done at 
the expense of everything else is that you end up with a tremendous 
initial system that is enormous — but it quickly degrades." 

The SDI scientist we interviewed were clearly vorried that the 
enabling technologies would not be there when needed, k near-tena 
deployment would consume considerable resources and much research 
talent, thej fear. After all the problems of a near-term deployient 
are solved, would there be enough money to fund adequately the vital 
f fir-term technologies? 

"If you don't have the follow-on enabling technologies," said one 
SDI scientist, "you *iH " 0< k ^ capability of the space-based 
kinetic kill vehicles — and you may well end up with a more 
destabilizing situation than before." 

Also, if the Soviets speed up their response to a near-term 
deployment and the 0.S. does not follow up, "you're in a world of 
hurt," said another scientist. 

We must note that there is already evidence, based on the FY87 
and FY88 funding levels, that advanced or far-term technology research 
is being shortchanged to meet near-term objectives. We have pointed 
out in other sections of this report instances where this 
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shortchanging is occurring. 



Two other questions must be asked? Will there be a national 
commitment to pursue the enabling technologies that will take up where 
the near-term defenses leave off? Just to deploy a near-term defense 
will require a major increase in funding for the SDI program. If we 
are to pursue the enabling technologies on top of that so we ere 
confident they are available to come on line 3t the right time, even 
larger funding increases will be required for that advanced research, 
last year, Congress established what many believe was a cap for the 
program of somewhere in the $3-4 billion range annually. Regardless 
of whether there is the national will to launch a crash program to 
begin near-term defenses, is there the national will to spend even 
more Kmey to pake sure those defenses survive in the outyears? 

Secondly, at this time SDIO does not know for certain whether the 
enabling technologies actually can produce a follow-on defease. 
Remember that SDI's goal, given a crash effort, was to research erotic 
laser and bean technologies sufficiently to permit a full-scale 
engineering development decision in the early 1990's. Committing to 
an early deployment of the conventional mature technologies prior to 
having the knowledge to make a development decision on the exotic 
technologies would be risky indeed. 

Should we leap into a near-tern defense without knowing whether 
ve can really make the second move? Should we deploy early when we 
are not certain the technology will be available for us to be 
effective later? As will be pointed out shortly, a near-term 
deployment will result in early U.S. abrogation of the 1972 AM Treaty 
and an intense offensive-defensive anas race. Should we make a 
decision now to start that race, even thorigh we arc not certain 
whether survivable and effective second-generation defenses can be 
deployed? 



i radical shift in 



As has been noted previously in this report, the Defense 
Department is seeking to accelerate development of a heavy-lift launch, 
vehicle so it can be designed, built, tested and be ready for 
operation in apparently only five years. Ms early HLLV would lift 
material into space at a cost of $1,000 per pound by 1992-93. SDI's 
goal, however, is to ultimately have a HLLV that can lift into space 
for $20G-$40Q per pound by the end of the century. 

Pressing ahead with an HLLV on this type of schedule brings with 
it several disturbing consequences'. First, SDI's near-term deployment 
mast rely on s transportation system that cannot meet the often-quoted 



SDI goal of a ten-fold reduction in opera^Jig costs to $200-$400 per 
pound. At best, and this is only a goal, tl;e near-term heavy-lift 
rocket can be expected to achieve a three-ft'ld reduction in operating 
costs to $1,000 per pound. This puts the near-teno deployment at a 
severe cost disadvantage froo the beginning. 

Second, ve question what additional risk is imposed on the heavy- 
lift launch vehicle program by having to meet this near-term deadline. 
In March 5, 1987, testimony before the Senate Subcommittee on Science, 
Technology and Space, Dale Meyers, Deputy Administrator of NASA, 
warned that neither JJASA nor the Air Force knows what HLLV 
technologies slated for the late 1990's can he pulled back to the 
early 1990's. Reliability, he said, is the issue. Without it, SDI 
risks losing very expensive cargoes with HLLV's that fail. By way of 
example, the last Titan missile that blew up reportedly had a payload 
worth more than $800 million. Indeed, it would be a tragedy if in its 
rush to a near-term HLLV, America ends up with an unreliable space 
transportation system. 

Finally, the rush to build an interim heavy-lift launch vehicle 
say adversely affect NASA's future civilian space prograa. In the 
past, Merita's giant space rockets such as Saturn V were developed by 
NASA as the lead agency. NASA also apparently has the expertise and 
facilities to be the lead agency to develop the BLLV. However, "the 
roquxreaents for the HLLV are dominated by the DoD," according to Air 
Force Secretary Edward Alcrich. As it now stands, DoD will lead the 
development of both the National Aerospace Plane and the SLLV. 
Certainly, a rush to an interna HLLV will mean NASA with its IMted 
resources will have to defer to the Defense Department to lead the 
HLLV effort. Can NASA retain good people if it becomes DoD's weak 
sister in space transportation? Sore likely, NASA would have to 
comt resources to the interia HLLV effort if there is any hope of it 
succeeding. NASA's budget, however, is already stretched to the limit 
with the upgraded shuttle, a future space station, and continued 
interplanetary unmanned exploration. Can it be stretched even further 
to accommodate the interim SLLV requireoeat? 



F. Am Control Implications 

As noted previously in this report, the push for an early SDI 
deployment may be motivated by either a desire to cement the program 
politically, provide early operational training for BMD forces, force 
an early decision on the so-called "broad" interpretation of the ABM 
Treaty, or to correct what SDI proponents perceive to be a dangerous 
imbalance in HtS.-Soviet forces. Whateverthe motivation, the result 
of an announced commitment by the President to proceed with a near- 
term deployment would be clear; early abrogation of or U.S. withdrawal 
from the 1972 ABM Treaty. 

The only kind of early deployment that night avoid abandonment of 
the Treaty would be the placement of 100 ERIS-type interceptor 
missiles at Grand Forks, North Dakota, per Lockheed's proposal. Such 
a deployment would have little military value, however. In addition, 
the Administration, and Secretary Weinberger in particular, have 



indicated they are not interested in such a limited role for SSI using 
essentially off-the-shelf technology, as the Lockheed proposal would 
involve. 

An early deplopent, Mr. Weinberger has insisted, must be 
integral to a more comprehensive SDI deployment. If that is the case, 
such a deployment, say in the 1994*95 timeframe, would kill the AM 
Treaty, In fact, the Treaty would likely be a dead letter well before 
the deployment began. 

To picture how this quick erosion of the ABM Treaty would occur, 
consider first that SDI last year had planned for its research to be 
in compliance with the strict interpretation of the Treaty at least 
until the early 1990's. For example, the 1985 SDI teport to Congress 
stated specifically that "research necessary to support a decision on 
the potential utility of the SDI technology can be conducted in 
accordance" with the AM Treaty. The 1986 report gave the same 
assurance. Furthermore, in our briefings last year and this year, SDI 
scientists, engineers and program managers said the research they 
needed to conduct through the early 1990's could be conducted under 
the strict interpretation f the Treaty, Of course, SDI tests could 
be devised that violate the Treaty or that fall under the broad 
interpretation; but those tests would not be necessary to carry out 
the SDI prograa objectives. 

If the President decides to proceed toward an early deployEent in 
the 1994-95 tieefrane, however, tie ABM Treaty would be on a slippery 
slope fairly quickly. To meet a 1994-95 initial operating capability, 
first a formal decision to deploy would have to be nade probably 
within a year. Next, a fall-scale engineering development decision 
(FSBD) on the systems to be deployed would have to be made in the 
1990-91 tiEefrase, Then, operating on what one SDI official admitted 
vonld be "a very heroic schedule," three to five years wtjuld be spent 
racing from the FSED to production to deployment. 

Shea does the ABM Treaty, as it now stands, becose extinct under 
this scenario? Technically perhaps no later than 1990-91 when the 
full-scale eagineering developsent decision was nsde. The date night 
be earlier, bat we do not know at this point. On the other hand, it 
is unclear whether an early deployment would even necessitate tests, 
such as those of space-based kinetic kill vehicles, which would 
violate the Treaty prior to the 1990-91 FSBD* 

Host likely, it would not matter exactly when in this timeframe 
the violation actually occurred. It would be naivs to assume that the 
Soviet Union would wait until the United States formally exercised the 
6-Eonth notice provision for withdrawal from the Treaty before it 
responded. If we announced our intention to deploy and in effect 
break out of the Treaty by a certain date, the Soviets would probably 
launch their counteraeasures in anticipation of that date and would 
disregard any restrictions in the Treaty, Once the race started, we 
cannot assume that the Soviets would wait a lap before running. 

The early destruction of the ABM Treaty appears to be of little 
Concern to proponents of near-term deployment. Congress, however, may 



want to consider the following questions: 

t How difficult would it be to patch back together the Treaty if 
at a later date the U.S. determined the Bear-term deployment was a bad 
idea, or the follow-on technologies to reverse system degradation did 
aot prove feasible? 

• What kind of deep political divisions would it cause between 
the Halted States and its allies in Europe and the Far East; 



• Of a more immediate concern, what effect would just the 
immediate near-term deployment decision have on the breakthrough U.S. 
and Soviet negotiators have achieved in the INF talks? Would a 
deployment decision re-link SDI to INF? 



